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Abstract 
The work presented in this thesis is focused on: (1) synthesis and structural 
characterization of alkali metal complexes containing phosphoranoimine ligands, (2) 
synthesis and structural characterization of transition metal complexes containing 
phosphoranoimine ligands, and (3) reactivity of phosphoranoimine complexes toward 
ethylene polymerization. 
In Chapter 1, the development of phosphoranoimine ligands and their respective 
alkali metal complexes is discussed. The tridentate phosphoranoimine ligands 
2,6-(Me3SiN二PPh2CH2)2C5H3N (9a) and 2,6-(Me3SiN=PPr'2CH2)2C5H3N (9b) were 
developed and structurally characterized. The corresponding phosphoranoimido 
alkali-metal compounds were synthesized and characterized. Structural 
characterization of [Li2{2,6-(Me3SiN 二 PPh2CH)2C5H3N}THF] (10a) and 
[Li{2,6-(Me3SiN=PPr'2CH)(Me3SiN=PPr'2CH2)C5H3N}] (10b) by X-ray 
crystallography is presented. 
Chapter 2 describes the synthesis and characterization of the transition metal (Ti, 
Fe, Co and Cu) complexes containing different phosphoranoimines. Through the 
dehalosilylation reaction, phosphoranoimido titanium (IV) complexes 
[Ti{N=(2-CH2Py)PPr'2}Cl3(THF)] (11) and [Ti2{ {N=PPh2CH2}2C5H3N-2,6}{(^i-Cl)2 
Cl4(THF)2}]n (12) were prepared. Metal complexes [Fe{(2-CH2Py)PR2=NSiMe3}Cl2] 
(R 二 Ph, 13a; Pr', 13b)，[Co{(2-CH2Py)PR2=NSiMe3} CI2] (R = Ph, 14a; Pr', 14b), 
[Cu{(2-CH2Py)PPh2=NSiMe3 }I]2 (15a), [Cu{(2-CH2Py)PPr'2=NSiMe3 }I] (15b) and 
[Cu{2，6-(Me3SiN二PPr'2CH2)2C5H3N}]+ [Cuh]' (16) were prepared through the ligand 
addition method. All of the above compounds were structurally characterized by X-ray 
crystallography and elemental analysis. 
In Chapter 3, the synthetic and structural studies of phosphoranoimine Group 8 
ii 
transition metal complexes (Ni and Pd) are discussed. Compounds 
[Ni{ (2-CH2Py)PR2=NSiMe3 }Br2] (R = Ph, 17a; Pr', 17b) and 
[Pd{2,6-(Me3SiN=PPh2CH2)2C5H3N}Cl]lCl]' (21) were prepared via the ligand 
substitution method. Reaction of the tridentate phosphoranoimine with NiBr2(DME) 
yielded the partially hydrolyzed compound 
[Ni{2,6-(HN二PPh2CH2)(Me3SiN=PPh2CH2) C5H3N }Br]^ [Br]" (18). Besides, the 
hydrolyzed product [Pd{(2-CH2Py)PPh2=NH}CI2] (20) was also obtained by reacting 
the bidentate phosphoranoimine with PdCl2(PhCN)2. In order to further investigate the 
hydrolysis reaction, a reaction of the tridentate phosphoranoimine with hydrated NiCl〗 
was conducted. Compound [Ni{2,6-(HN=PPh2CH2)2C5H3N}Cl]+[Cir (19) obtained 
was structurally characterized by X-ray crystallography. 
Chapter 4 is concerned with the catalytic study on ethylene polymerization of the 
compounds prepared. The reactivities of phosphoranoimine complexes toward 
ethylene polymerization were investigated in the presence of a co-catalyst. The 
catalytic activities of compounds 11, 12，13a, 13b, 14a, 14b, 15a, 15b, 17a, 17b and 21 













N}THF] (10a)和 • 
[Li2{2,6-(Me3SiN=PPr'2CH)(Me3SiN=PPr'2CH2)C5H3N}] (10b)的結構被 X-射線單 
晶衍射所証實。 
第二章討論了含不同膦亞胺配體過渡金屬（Ti, Fe, Co和Cu)絡合物的合成 
及其表征。通過脫鹵桂院化反應，合成了膦亞胺圣欽 ( I V )絡合物 
[Ti{N=(2-CH2Py)PPr'2}Cl3(THF)] (11)禾口 [Ti2{{N二PPh2CH2}2C5H3N-2’6}{( // 
-Cl)2Cl4(THF)2}]n ( 1 2 ) 。 通 過 配 體 加 成 反 應 ， 合 成 了 金 屬 絡 合 物 
[Fe{(2-CH2Py)PR2=NSiMe3}Cl2](R=Ph (13a) ， Pr' (13b)) ’ 
[Co {(2-CH2Py)PR2=NSiMe3} CI2] (R=Ph (14a) ， Pr' (14b))， 
[Cu{(2-CH2Py)PPh2二NSiMe3}I]2 (15a)，[Cu{(2-CH2Py)PPr2=NSiMe3}I] (15b)禾口 










一步研究水解，將三齒膦亞胺配體與水合 N i C h反應，合成了化合物 
[Ni{2,6-(HN=PPh2CH2)2C5H3N}Cl]+[Cir (19)，其結構被 X-射線單晶衍射所証實。 
iv 
第四章討論了絡合物對乙烯聚合反應的催化活性°在助催化劑的存在下，考 
察了膦亞胺絡合物對乙焼聚合反應的活性，並報導了絡合物11，12, 13a, 13b，14a， 
14b，15a, 15b, 17a, 17b 和 21 的催化活性。 
V 
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Abbreviations 
Anal. analytical 
atm atmospheric pressure 
b.p. boiling point 
Bu" /7-butyl 
Calc. calculated 
d doublet (NMR) 
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EI electron impact 
Et20 diethyl ether 
eV electron volt 
h hour 
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m multiplet (NMR) 
]Vf parent peak 
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m.p. melting point 
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M S mass spectroscopy 
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v i i i 
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t triplet 
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CHAPTER 1 
Development of Phosphoranoimine as a Ligand for the Synthesis of 
Metal Complexes 
1.1 Introduction 
1.1.1 General Aspects of Phosphoranoimine 
Phosphoranoimine 1 was firstly reported by Staudinger and Meyer in 1919. 
However, the chemistry of phosphoranoimine has not been studied extensively until 
the late 1950s. Much of the chemistry has been explored in the past 35 years with 
numerous applications in organic synthesis and in coordination chemistry. 
Phosphoranoimine has a general structural formula of EJP-NR, having a 
four-coordinate phosphorus and a phosphorus-nitrogen double bond. In addition, they 
have various names, such as phosphinimines, phosphinimides and phosphazo 
compounds, etc. Phosphoranoimines are closely related to several other types of 
compounds, which will not be discussed herein, including cyclic polyphosphazenes 2, 
two-coordinate phosphimines 3, and thee-coordinate phosphimines 4 . 
+ — 
R3P=NR' _ R3P-NR1 (1) 
R V R o 
R II I R, R-P=N-R' 
7、N - N R , 




In 1919，Staudinger and Meyer reported the reaction of phenyl azide with 
triphenylphosphine, which eliminated molecular nitrogen and afforded 
. 1 _ 
N-phenyliminotriphenylphosphorane.i Since then, the reaction of azides with tertiary 
phosphines has been widely employed for the high-yield synthesis of a variety of 
imines (equation 1.1). 
R3P + R'N3 ——-[RsPNaNR- ] R3P=NR' (1.1) 
2 3 
Several reviews on the phosphoranoimine chemistry have been published.，The 
chemistry of phosphoranoimine 1 is similar to that of the phosphonium ylide 5. 
+ — 
Ph3P=HCR' Ph3P-C(H)R' (5) 
In comparison to phosphonium ylides 5, the analogous and isoelectronic 
phosphoranoimine is considerably more stable. 
An intriguing feature of phosphoranoimines has been the nature of the 
phosphorus-nitrogen bond, the ease with which it is formed and its chemical stability, 
but most chemists seem to have had no qualms about representing this bond in the 
literature as a formal double bond. By contrast, there has been considerable debate 
about the corresponding phosphorus-carbon double bond. 
Under acidic or basic hydrolysis conditions, the P=N bond of phosphoranoimines 
(RN=PPh3) can be cleaved to form amines and phosphine oxide with the ease of the 
reaction depending on the N-substituent. The parent imines (HN=PPh3)，other than 
those derived from Bu'sP, hydrolyze rapidly in air, “ ； alkylimines (RN二PPh�）also 
hydrolyze readily in airj but arylimines (ArN=PPh3) are generally stable in air and 
often in water, but hydrolyze in dilute acid or base.8 Acid-catalyzed hydrolysis 
occurred by protonation of the imine followed by attack of water on phosphorus. In 
. 2 _ 
contrast, base-catalyzed hydrolysis occurred by attack of hydroxide on phosphorus, 
both processes lead to the expulsion of amino group and inversion of configuration at 
phosphorus.^ The stability of phosphoranoimines towards protic solvents certainly 
indicates that the nitrogen atom in the phosphonioamide carries far less negative 
charge than an ordinary amide anion. The unusual stabilization of such imines has 
been attributed to the nature of the phosphorus-nitrogen bond, and in particular to 
delocalization of electron density from nitrogen to phosphorus. 
Interest in the molecular structure of phosphoranoimine has focused on the 
phosphorus-nitrogen bond and the geometry about the nitrogen atom. Although other 
options have been debated, it appears that the nitrogen atom is approximately 
hybridized, with one lone pair of electrons in an sp^ hybrid orbital and the other pair 
in a 2p orbital, and with a predicted bond angle of 120 ° at nitrogen. The geometry at 
the phosphorus atom appears to be tetrahedral, with predicted bond angles of 109.5。 
between phosphorus substituents. The bond order of nitrogen-phosphorus bond is 
thought to be close to two, with overlapping of the filled nitrogen 2p orbital with the 
vacant or orbital of phosphorus, providing a bond order between 1.0 and 2.0. 
The sums of the phosphorus-nitrogen covalent radii are 1.84 A for a P-N single bond 
and 1.62 A for a P二N double bond严 
1.1.2 General Aspects of Transition Metal Phosphoranoimine Complexes 
Phosphoranoimines form complexes with a variety of metals, and the chemistry 
of these metal complexes has been reviewed, u For instance, imines forms 
12 13 
donor-acceptor complexes with boron trifluoride and triphenylboron.， The 
N-trimethylsilyl imine forms stable and isolable complexes with trimethylaluminium, 
-gallium, and -indium/triphenylaluminium，and tribromoaluminium. Similar 
reaction using unsubstituted imines afforded isolable complexes with 
. 3 _ 
trimethylaluminium, -gallium, and -indium, but on heating they evolved methane to 
afford dimers of Me2X-N=PPh3 (X = Al, Ga，In) (equation 1.2). 
MesX Ph3P，ph3P.NH-XMe3_A_^ [Ph3P=N-XMe2]2 (1.2) 
-CH4 
(X = Al, Ga, In) 
Unsubstituted imine (PhsP^NH) reacts with cadmium(II) and mercury(II) dihalides to 
afford dimeric complexes in a tetrahedral geometry, MX2L2 (M = Cd, Hg) (equation 
1.3).15-17 Seidel has reported similar complex but with only one molecule of the 
N-phenyl imine (equation 1.4)." The unsubstituted imine, Me3P=NH, reacts with 
dimethyl zinc and dimethyl cadmium to form a complex which further eliminates 
methane, to form MeM-N二PMe〗（M = Zn, Cd) (equation 1.5)/^ 
严 3 
ph3P 二 NH 隨2 , I PPh3 ( " ) 
(M = Cd,Hg) i / M \ N � 
H 




Me3P=NH (|vi=zn,Cd) Me-M-N=PMe3 (1-5) 
. 4 _ 
The unsubstituted20 and N-trimethylsilyl substituted^ ^ imines (PhsP^NH and 
Ph3P=NSiMe3) complex with cupric chloride，the former as a monomeric complex 
while the latter as a dimeric complex with chloride bridging (equation 1.6 and 1.7). 
22 
The 1:1 monomeric complex was formed between PhN^PPhs and CuCl. The 
reaction of N-phenyl imine with gold(I) iodide in toluene obtained a complex of 
[(Ph3P-NHPh)+Aul2-].23 
^PPhs 
Ph3P=NH 叫 , (1.6) 
CK 
PPh3 //  
MeaSiN q| \ / 
Cu 
CuCIo CiC 〉CI (1 7) 
Ph3P=NSiMe3 2 • ^cu 、 ~ 
c / \ 
NSiMes // 
PhaP 
With nickel(II) and cobalt(II) dihalides, imines (L) form monomeric 
complex，L2MCI2，with tetrahedral geometry at the metal centres, and a longer P-N 
bond length (1.64A)”’ 20，24 piatinum(II) and palladium(II) halides form square planar 
complexes with imines, with normal P-N bond lengths (I.60A) (equation 1.8 and 
1 9) 25,26’ 27 The reaction of a bis-imine with rhodium complex [RhLsCl]〗(L 二 CO) 
yields a complex with the metal coordinated in a N,C-chelating mode (equation 
1.10). 28 
. 5 _ 
/PPh3 
MeaSiN ‘ 
MCl2 .. ox 
Ph3P 二 NSiMe3 • “ ddh (1.8) 
3 3 (M = Ni, Co . M ^ ,,PPh3 
CI SiMe3 
M C , 
Ph3P=NSiMe3 (M = pd，pt/ MeaSiN NSiMea (丄.… 
， M 
c / 
Tol-p 1 + 
Ph2P"^PPh2 _L2Clb , L 、 人 一 P h (1.10) 
^ .N , (L = C〇） P < p h C「 
P-TOK TOI-P L CH tn 
PrA、N:H 
Ph Tol-p 
Interestingly, some metals form complexes without the elimination of 
trimethylsilyl group. This indicates that these imines form coordination complexes 
and served as two-electron donor by filling the coordination shell of the metal. 
1.1.3 Reaction with Organolithium Compounds 
Organoalkali-metal complexes are regarded to play an important role in 
preparative organometallic chemistry. They are generally used as transfer reagents for 
the synthesis of organometallic compounds. Synthesis and structures of this type of 
complexes and related compounds have been investigated.^ '^ 
Much attention has been focused on organolithium derivatives when comparing 
with the corresponding heavier alkali-metals such as sodium, potassium, rubidium and 
cesium. The commercially available Bu"Li is one of the widely used metalating 
reagents. 
Iminotriphenyl- or trialkylphosphoranes, R3P=NH, can be deprotonated by 
. 6 _ 
organolithium reagents to form imino anions (RsP^N"),^^ a strong nucleophiles which 
have been employed extensively to prepare various N-substituted imines. Reaction 
with trimethylsilyl chloride, trimethylgemanyl chloride, and trimethylstannyl 
chloride4’3i’33 afforded the organometallic substituted imines (PhsP二NYlVfe，where Y 
二 Si, Ge, Sn) (equation 1.11), some of which were not accessible by the Staudinger 
method. More recently, Cristau and coworkers have subjected the imine anion to 
acylation32,34 and alkylation,^ '^^ '^^ ^ and subsequent hydrolysis of the alkylated imines 
afforded primary or secondary amines. 
Ph3p二NH Ph3P二NLi Ph3P二N-YMe3 O - H ) 
(Y = Si, Ge, Sn) 
N-substituted imino(alkyl)diphenylphosphoranes (R'CH2P(Ph)2=NR") can be 
deprotonated with organolithium reagents, or with lithium amides, to form 
iminoylides which can be trapped in normal ylide-type reactions. Thus, the 
iminoylides can be alkylated/^' ^^  acylated, added to imines"^^ and nitriles， 
complexed with rhodium salts/^ and reacted with aldehydes^? and ketones*�(Scheme 
1.1). 
Scheme 1.1 
R'CH2P(Ph)2二NR" • f R'CHP(Ph)2=NR" J ^ _ R'R"'CHP(Ph)2=NR" 
or LDA 
Z \ 1. ArCN 




Interestingly, all of these reactions involved carbon as the nucleophilic center, rather 
7 
than the imino nitrogen, undoubtedly reflecting differences in nucleophilicity between 
nitrogen and carbon. 
Recently, novel low-valent group 14 1,3-Dimetallacyclobutanes, 
bis(germavinylindene) and a mixed-metal 1,3-stanna-plumbacyclobutane were 
synthesized using the monolithium salts derived from phosphoranoimines as ligand 
transfer reagents. The organolithium salts were prepared by the metalation reaction of 
bis(iminophosphorano)methane and iminophosphorano(pyridyl)methane with Bu"Li 
in THF, respectively (equation 1.12 and 1.13).48’49 
2 Bu-Li/THF (1.12) 
k ^ N N、siMe3 89.50/0 ^ 、 V N、 S i M e 3 
(THF)2 
H 
Ph2P'^PPh2 已u”U/THF「 厂 |、i?Ph2 (113) 
MesSi-N N^siMea ^4% MesSi^N-LpN^siMea 
THF 
1.1.4 Objective of this Work 
Nitrogen ligands with bulky substituents are currently attracting substantial 
interest as tools for tailoring the coordination gap aperture, and hence the reactivity of 
the metal complexes, especially as a means for developing non-metallocene catalysts 
for the polymerization of olefins.5。’ ^^  
The objective of this thesis is focusing on ligands which offer a steric 
environment similar to diimines, but with different electronic characteristics, such as 
donor strength and Tc-acceptor capacity. Our developed phosphoranoimines represent a 
class of readily accessible ligands suitable for this study. In order to study the 
coordination geometry, different phosphoranoimine transition metal complexes were 
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synthesized. In addition, their reactivities towards ethylene polymerization were 
investigated. 
Ligands being considered are the bidentate phosphoranoimines ( 7 a and 7 b ) and 
tridentate phosphoranoimines ( 9 a and 9 b ) developed in our group. 
B / I “ 2 R = Ph(7a),Pr^ ( 7 b ) 
r2f(\ PR2 R - P h (9a), Pr^  (9b) 
MesSjzN N、siMe3 
The phosphoranoimines 7 a and 7 b containing two nitrogen atoms can behave as a 
bidentate ligand capable of forming chelating complexes. Similarly, the 
phosphoranoimine 9 a and 9 b can behave as a tridentate ligand capable of forming 
N,N',N'-chelating complexes. In this work, the coordination chemistry of transition 
metal phosphoranoimines complexes is being investigated. In order to study the steric 
and electronic effect of the substituents on phosphorus on the coordination mode of 
complexes, ligand with different substituents (aryl and alkyl group) were synthesized. 
With the synthesized compounds, their reactivities towards ethylene 
polymerization were also investigated. In literature, metal complexes derived 
chelating nitrogen-based ligands are found to be active catalyst for the 
homopolymerization of ethylene and the copolymerization of ethylene with a-olefins 
and polar comonomers." In addition, catalysts bearing a-diimine ligands exhibit the 
highest activity on ethylene polymerization among others bearing N-N and N-0 
ligands. The ligands in this work provide a steric structure similar to diimines, but 
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with clearly different electronic nature. Therefore, it is worthwhile to study the 
catalytic activity of the synthesized complexes on ethylene polymerization and to 
compare with the diimine complexes. Organolithium derivatives from 9 a and 9 b were 
synthesized and structurally characterized by X-ray crystallography. 
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1.2 Results and Discussion 
1.2.1 Synthesis and Characterization of Phosphoranoimine Ligand (9a and 
9b) 
The preparation of phosphoranoimines 2,6-(Me3SiN二PR^CHsjsCsHsN (R = Ph, 
9a; R = Pr', 9b) was accomplished in three steps (Scheme 1.2). Lithiation of 
2,6-lutidine with two equivalents of Bu"Li at 0 °C followed by treatment with two 
molar equivalents of R2PCI gave the moisture sensitive compound 
2,6-(R2PCH2)2C5H3N (R = Ph, 8a; R = 8b). Different conditions were used in the 
subsequent oxidation reaction of 8a and 8b with MesSiNs. Nitrogen was evolved 
during the reflux and yellowish oily crude products of 9a and 9b were obtained, 
respectively. 
Schemel.2 
r ^ (i) r ^ ^ ！ ^ V r 
人 人 r 2 P \ 、 n々  2 
MeaSi^ ^SMe^ 
R = Ph, 8a； n n 
R = Ph, 9a; 
R 二 Pr,8b R二 Pr'，9b 
Reagents and conditions: (i) 2 eq. Bu”Li & TMEDA^ Et^O, 0。C; (ii) 2 eq. R2PCI, 
Et20, -90。C; (iii) 2 eq. MesSiNs, toluene for 9 b only, 110-140 °C. 
Both compounds were obtained in high yields. Compound 9 a was recrystallized 
in CH2CI2, while compound 9 b was purified by vacuum distillation. For compound 8a, 
it was confirmed by ^H and ^ P^ N M R . The ^H N M R spectrum of 8 a , signals due to 
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pyridyl and phenyl ring protons were found in the region of 5 6.67 to 7.80 ppm. The 
signal of methylene proton was found at 5 3.57 ppm. For the ^ P^ N M R spectrum, only 
one signal was observed at 5 13.77 ppm. This indicates that only one phosphorus 
chemical environment in this compound. For compound 9 a , an additional signal 
arised from the trimethylsilyl protons at 5 -0.16 ppm was found. Besides, the doublet 
signal of methylene protons shifted to 5 3.64 ppm (JP-H =15.0 Hz). Signals assigned to 
the pyridyl and phenyl ring protons were found in the region of 5 7.02 to 7.75 ppm. 
Both compounds 8 b and 9 b were confirmed by ^ H, ^^ C and ^ P^ N M R . The N M R 
spectra of both compounds at room temperature showed typical chemical shifts and 
coupling pattern. For compound 8b, three signals assignable to the pyridyl protons 
were observed in the region of 5 7.23 to 7.57 ppm, while the corresponding signals 
were observed in the region of 5 7.23 to 7.44 ppm in 9 b . Methylene protons of both 
compounds showed a doublet at 5 3.08 ppm (JP-H 二 3.0 HZ) for 8b and 5 3.10 ppm 
(Jp.H = 12.0 Hz) for 9 b . The methyl proton signal of the isopropyl group in 8 b and 9 b 
appeared as multiplet at 5 1.14 to 1.22 ppm and 0.98 to 1.07 ppm, respectively. 
Multiplets were also observed at 5 1.87 to 1.97 ppm in 8 b and 1.86 to 1.94 ppm in 9 b , 
which were arised from the methine protons of the isopropyl group. A singlet at 5 
-0.05 ppm was assigned to the trimethylsilyl protons in compound 9 b . 
The 13c N M R spectra of 8 b and 9 b showed three signals in the region of 5 120.4 
to 159.82 ppm and 122.85 to 154.96 ppm, respectively, assigned to the pyridyl ring 
carbons. As the compound is symmetric about the pyridyl nitrogen, only three 
different carbon chemical environments can be observed for the pyridyl ring. Also, the 
carbon signal assignable to the methylene carbons appeared at 5 32.37 ppm in 8b and 
5 36.88 ppm in 9b, respectively. Two groups of signals were observed at 5 18.84 to 
19.75 ppm and 5 23.45 ppm in 8 b , while 516.56 ppm and 5 27.19 ppm in 9b，assigned 
to the different chemical environments of the isopropyl carbons. In the spectrum of 9b, 
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a signal at 5 4.75 ppm was observed assigned to the trimethylsilyl carbon. The ^ P^ 
N M R spectra of 8 b and 9 b displayed only one peak at 5 24.33 ppm and 34.42 ppm, 
respectively. It is consistent with one phosphorus chemical environment in both 
compounds. 
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1.2.2 Synthesis of Dilithium Phosphoranoimine Complex (10a) 
Dilithium complex [Li2{2,6-(Me3SiN=PPh2CH)2C5H3N}THF] ( 1 0 a ) was 
prepared by lithiation of the phosphoranoimine 9 a using two equivalents Bu"Li at low 
temperature (-90。C) (Scheme 1.3). 
Scheme 1.3 
^ ^ , T H F 
广 2 丄 P h 2 P : N 」 J p 2 
MeaSi" 、SiMe3 MeaSi' SiMe] 
9a 10a 
Reagents and conditions: (i) 2 eq. Bi/Li’ THF, -90 °C 
After the removal of THF from the reaction mixture, the residue was extracted with 
pentane. The LiCl formed from the reaction was separated by filitration. 
Concentration of the filtrate and cooling afforded orange crystal in 70 % yield. The 
product obtained was found to be extremely air and moisture sensitive. The 
compound was characterized by ^H and ^^ C N M R and confirmed by X-ray 
crystallography. 
The 1H N M R spectrum of 1 0 a displayed signals at 5 7.02 to 8.14 ppm, assigning 
to the phenyl protons and the pyridyl protons. The signals at 5 3.45 to 3.50 ppm and 5 
1.33-1.37 ppm arised from the protons of coordinated THF were observed. In addition, 
a doublet was found at 5 3.92 ppm (Jp-h 二 20.7 Hz), assigning to the equivalent 
methine protons of both arms. Based on the integration and the chemical shift of the 
spectrum, it reveals that deprotonation occurs at each arm of the bisphosphoranoimine. 
Besides, only one signal of the trimethylsilyl proton was found at 5 0.16 ppm. 
The "C N M R spectrum of compound 1 0 a displayed peaks at 5 128.06 to 140.56 
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ppm assigning to the pyridyl ring carbons and also the phenyl ring carbons. The signal 
due to the methylene carbon at 5 57.95 ppm was found. The peak at 5 5.26 ppm was 
assigned to the trimethylsilyl carbon. 
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1.2.3 Synthesis of Monolithium Phosphoranoimine Complex (10b) 
Monolithium salt [Li{2,6-(Me3SiN=PPr'2CH)(Me3SiN=PPr'2CH2)C5H3N}] (10b) 
was obtained using same approach of lithiation method of 1 0 a (Scheme 1.4). Reaction 
of one molar equivalent of phosphoranoimine 9 b with two molar equivalent of Bu"Li 
at -90 °C afforded a yellow solution. Similar to the preparation of the dilithiated 
compound, it was extracted with pentane and yellow crystals of 1 0 b were obtained. • 
As the product was very soluble in pentane, the crystals formed at low temperature 
are readily dissolved. As isolated crystals obtained were thermally unstable, the yield 
of the compound was low. 
The structure of the monolithium compound has been confirmed by X-ray 
crystallography. 
Scheme 1.4 
N N\ N — L I — N � 
MeaSi" SiMe] MeaSi SiMes 
9b 10b 
Reagents and conditions: (i) 2 eq. Bi/Li，THF, -90。C 
Due to the low yield of isolated crystals, elemental analysis of 1 0 b has not been 
conducted. It is suggested that a mixture of mono- and dilithiated compounds might 
have been obtained. 
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1.2.4 Molecular Structures of Dilithium Complex and Monolithium Complex 
[Li2{2，6-(Me3SiN=PPh2CH)2C5H3N}THF] (10a) and 
[Li{2,6-(Me3SiN=PPr'2CH)(Me3SiN=PPr^2CH2)C5H3N}] (10b) 
Perspective ORTEP drawings of the molecular structure of complexes 1 0 a and 
1 0 b are shown in Figure 1.1 and 1.2, respectively. Selected bond distances and angles 
are listed in Table 1.1 and 1.2, respectively. Other selected crystallographic data are 
complied in Appendix 1. 
Complex 10a is a dilithium compound derived from the parent 
bisphosphoranoimine 9a. The lithium atoms are in a slightly different bonding 
environment. Both lithiums are six-coordinate with one being coordinated to the 
ligand and a THF molecule. Li(l) is bonded to N(l), N(2) and N(3) at distances of 
2.095(6), 1.956(7) and 2.055(6) A, respectively. Li(2) is bonded slightly different 
from that ofLi(l). It is bonded to N(l), N(3), C(5)’ C(6) and O(THF) at distances of 
2.114(7), 2.128(6), 2.370(7), 2.268(8) and 1.868(7) A, respectively. The difference in 
coordination environment in solid state is probably due to repulsion of lithium atoms. 
One of the lithium atoms is being pushed away from the pyridyl nitrogen and the 
methylene carbon in order to reduce the repulsion between the lithium atoms. 
The structural data suggests the existence of Ti-interaction between the lithium 
atom Li(2) and N C C N skeleton. It was observed that the distances with the pyridyl 
ring are slightly affected with C-C bond distance lengthening in the pyridyl ring. In 
the case of the free phosphoranoimine, the average C-C bond distance is about 1.375 
A. But in the case of the dilithiated compound, the bond distance of C(l)-C(2) is 
1.416 A and that ofC(4)-C(5) is 1.392 A. 
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Figure 1.1 Molecular structure of dilithium complex 10a 
Table 1.1 Selected bond distances (A) and angles (deg) for complex 10a 
P ⑴-Li(l) 2.824(6) P(2)-Li(2) 2.852(6) 
P(2)-Li(2) 2.625(7) Si ⑴-Li(l) 3.026(6) 
N(3)-Li ⑴ 2.055(6) N(3)-Li(2) 2.128(6) 
N(2)-Li(l) 1.956(7) N(l)-Li(l) 2.095(6) 
N ⑴-Li(2) 2.114(7) 0-Li(2) 1.868(7) 
C(5)-Li(2) 2.370(7) C(6)-Li(2) 2.268(8) 
C(l)-C(2) 1.416(5) C(4)-C(5) 1.392(5) 
C(5)-C(6) 1.447(5) C-C(l) 1.407(5) 
P(l)-C 1.705(4) P(2)-C(6) 1.707(3) 
P(l)-N(2) 1.589(3) P ⑶-N(3) 1.600(3) 
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0-Li(2)-N(3) 147.6(3) 0-Li(2)-N(l) 117.1(3) 
0-Li ⑶-C(6) 118.2(3) N ⑴-Li(2)-N(3) 95.0(3) 
N ⑴-Li(2)-C(6) 67.3(2) N(3)-Li(2)-C(6) 76.7(2) 
0-Li(2)-C(5) 111.0(3) N ⑴-Li ⑶ C(5) 35.27(14) 
N(3)-Li(2)-C(5) 97.5(3) C(6)-Li ⑶-C(5) 36.28(15) 
0-Li(2)-P(2) 142.3(4) • N ⑴-Li(2)-P(2) 85.4(2) 
N(3)-Li(2)-P(2) 37.54(13) N ⑴-Li(2)-P(2) 85.4(2) 
N( 1 )-Li(2)-P(2) 8 5.4(2) C(6)-Li(2)-P(2) 40.01(14) 
C(5)-Li(2)-P(2) 69.11(19) 0-Li(2)-C(7) 26.99(19) 
N ⑴-Li ⑵-C(7) 93.1(3) N(3)-Li(2)-C(7) 168.2(4) 
C(6)-Li(2)-C(7) 98.8(3) C(5)-Li(2)-C(7) 84.3(3) 
P(2)-Li ⑶-C(7) 135.3(4) N ⑵-Li ⑴-N(3) 144.7(4) 
N(2)-Li(l)-N(l) 108.6(3) N(3)-Li(l)-N(l) 97.8(3) 
N(3)-Li(l)-P(l) 139.9(3) N(l)-Li(l)-P(l) 80.33(19) 
N(2)-Li ⑴-P(l) 32.91(13) N(2)-Li(l)-P(2) 170.1(3) 
N(3)-Li(l)-P(2) 33.30(13) N(l)-Li(l)-P(l) 80.33(19) 
N(l)-Li(l)-P(2) 80.1(2) P(l)-Li(l)-P(2) 156.9(2) 
N(2)-U(l)-Si(l) 31.42(12) N(3)-Li(l)-Si(l) 144.4(3) 
N(l)-Li(l)-Si(l) 116.6(2) P(2)-Li(l)-Si(l) 140.7(2) 
P(l)-Li(l)-Si(l) 60.59(12) 
Complex 1 0 b is a monolithium compound derived from phosphoranoimine 9 b 
In this compound, only one proton is eliminated and the resultant lithium atom is 
bonded to seven atoms at the center of the ligand. Li(l) is bonded to N, N(l) and N(2) 
at distances of 1.966(6), 2.076(6) and 1.996(6) A, respectively. 
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The structural data suggests that lithium atom forms a tridentate chelate with the 
ligand. Similar to compound 1 0 a , it was observed that the aromaticity of the pyridyl 
ring is also affected with C-C bond distance lengthening in the pyridyl ring. In the 
case of the monolithium compound, the bond distance of C(2)-C(3) is 1.430(4) A 
where as the average bond distance of C-C bond in the pyridyl ring 1.375 A. 
CIS ‘ 
Figure 1.2 Molecular structure of monolithium complex 10b 
Table 1.2 Selected bond distances (A) and angles (deg) for complex 10b 
P(l)-Li(l) 3.078(6) P(2)-Li(l) 2.902(6) 
Si(l>Li(l) 3.094(5) Si(2)-Li(l) 3.056(6) 
N-Li(l) 1.966(6) N(l)-Li(l) 2.076(6) 
N(2)-Li(l) 1.996(6) C(2)-C(3) 1.430(4) 
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C(6)-C(7) 1.507(5) C(l)-C(2) 1.402(5) 
P(l)-N(l) 1.564(3) P(2)-N(2) 1.584(3) 
P(l)-C(7) 1.822(3) P(2)-C(l) 1.728(3) 
N-Li ⑴-N(l) 102.3(3) N-Li(l)-N(2) 105.2(3) 
N-Li(l)-P(2) 80.83(19) N(2)-Li ⑴-P(2) 31.32(11) 
N ⑴-Li(l)-P(2) 168.9(3) N-Li(l)-Si(2) 121.5(2) 
N(2)-Li(l)-Si(2) 30.77(12) N(l)-Li(l)-Si(2) 123.3(2) 
P(2)-Li(l)-Si(2) 61.66(11) N-Li(l)-P(l) 77.8(2) 
N(2)-Li(l)-P(l) 158.9(3) N(l)-Li(l)-P(l) 27.47(11) 
P(2)-Li ⑴-P(l) 158.5(2) Si(2)-Li ⑴-P(l) 130.1(2) 
N-Li(l)-Si(l) 126.2(2) N(2)-Li(l)-Si(l) 126.9(3) 
N(l)-Li(l)-Si(l) 31.67(11) P(2)-Li(l)Si(l) 139.0(2) 
Si(2)-Li(l)Si(l) 110.99(17) P(l)-Li(l)Si(l) 58.91(10) 
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1.3 Experimental Section 
Materials T M E D A , Bi/Li, anhydrous MgS04, 2,6-lutidine, Pr'sPCl and MesSiNs 
were purchased from Aldrich and Merck and used without further purification. 
2-picoline purchased from Aldrich was distilled from NaOH. Ph^PCl purchased from 
Aldrich was purified by vacuum distillation. 
Preparation of PhzPCl-CHzPy) (6a) 
To a mixture of 2-picoline (5 ml, 49.0 mmol), T M E D A (7.8 ml, 52.7 mmol) and 
diethyl ether (50 ml) was added dropwisely a solution of Bu"Li (32 ml, 1.6 M in 
hexane, 51.2 mmol) at 0 °C with stirring. The mixture was stirred at room temperature 
for 2 h. and was then added dropwisely to a cooled (-90 °C) solution of Ph^PCl (9.3 
ml, 51.8 mmol) in diethyl ether (50 ml). The mixture was stirred at -90。C for 30 min. 
and at room temperature for 15 h. Degassed water (100 ml) was added to dissolve the 
LiCl formed. The ethereal layer was separated and the aqueous layer extracted twice 
with diethyl ether (30 ml each). The combined ethereal solutions were dried with 
anhydrous MgSCU. After removing MgS04 by filtration, the filtrate was evaporated to 
dryness. The residue obtained was recrystallized from a mixture of EtsO and pentane 
(1:1) to give a pale yellow solid (13 Jg, 95 %). m.p. = 57-58。(：. ^ H N M R (CDCI3)： 5 
(ppm) 3.59 (s, 2H, CHb)，3.90 (d，/p-h= 12.0 Hz, 2H, CH2), 6.91-7.41 (m, Ph and Py), 
7.67-7.71 (m，Ph and Py), 8.34-8.46 (m, Py). 
Preparation of Pr'zPCl-CHzPy) (6b) 
The same procedure as for PhsPp-CHbPy) was employed, but Pr'2PCl (8.2 ml, 51.5 
mmol) was used instead of PhsPCl, and the product was purified by distilling at 
reduced pressure. The titled compound was obtained as a colourless oil. b.p. = 75-80 
。C/0.01 m m H g (8.5 g, 80 %). ^ H N M R (CDCI3)： 5 (ppm) 0.89-1.12 (m, 12H, Me), 
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I.63-1.74 (m, IH，CH), 1.90-2.04 (m, IH, CH), 2 . 8 8 (d, Jp-h二 3.0 Hz, 2 H , C H 2 ) , 3.23 
(d, Jp.H = 12.0 Hz, 2H, CH2), 6.92-6.95 (m, 4H, N M R (CDCI3): 5 (ppm) 
II.11, 52.94. (Due to two isomeric compounds found, two sets of signals were 
obtained.) 
Preparation of Ph2P(2-CH2Py)=NSiMe3 (7a) 
A stirring mixture of Ph2P(2-CH2Py) (13.2 g, 47.7 mmol) and MesSiNs (6.5 ml, 49.0 
mmol) was heated at 130-140。C for 7 h. Volatiles were removed in vacuo to give a 
pale yellow solid (17.1 g，99 %). The product obtained was recrystallized from hexane 
to give colourless crystals, m.p. = 49-50。C. Anal. Found: C, 68.92; H, 6.90; N, 7.99 
% . Calc. for C2iH25N2PSi: C, 69.28; H，6.91; N, 7.68 %. ^ H N M R (CDCI3)： 5(ppm) 
- 0 . 1 4 (s, 9 H , SiMes), 3.80 (d, Jr.h 二 1 2 . 0 Hz, 2 H , C H 2 ) , 7.00-7.06 (m, IH, Py)， 
7.30-7.38 (m, 7H, Ph and Py), 7.44-7.50 (m, IH, Py), 7.57-7.64 (m, 4H, Ph), 8.35 (d, 
J 二 3.0 Hz, IH, Py). i3c{1H} N1V1R (CDCI3)： 5 (ppm) 3.74 (SiMes), 40.82 (d，CH2), 
121.74, 124.89, 136.31, 149.17，152.45 (d, Py), 128.41, 130.96, 131.09, 131.74 (Ph). 
3ip{iH} N M R (CDCI3)： 5 (ppm) 28.14. M S (EI, 70eV): m/z 364 (M+). 
Preparation of Pr'2P(2-CH2Py)=NSiMe3 (7b) 
A mixture of Pr'2P(2-CH2Py) (8.5 g, 40.3 mmol), MQ3S1N3 (5.4 ml, 40.7 mmol) in 
toluene (50 ml) was heated at 110 °C (oil bath temperature) for 1 h. and then refluxed 
for 5 h. Solvent and excess MesSiNs were removed in vacuo and the residue was 
distilled at reduced pressure to give colourless oil (11.2 g, 93 %). b.p. == 88-90 °C/0.01 
m m H g . iH N M R (CDCI3)： 5 (ppm) -0.08 (s, 9H, SiMes), 0.95 (dd, J?.h = 9.0, 15.0 
Hz, 6H, Me), 1.00 (dd, Jp.h = 9.0, 15.0 Hz, 6H, Me), 1.81-1.93 (m, 2H, CH), 3.12 (d, 
Jp.H = 12.0 Hz, C H 2 ) , 7.03-7.07 (m, IH, Py), 7.41 (d, J = 9.0 Hz, IH, Py), 7.48-7.53 
(m, IH, Py), 8.40 (d, 7 = 6.0 Hz, IH, Py). NMR (CDCI3)： 5 (ppm) 4.92 
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(SiM?3), 16.66 (d, CHM?2), 27.49 (d, CH), 37.15 (d，CHb), 121.94, 125.65, 136.09, 
149.44, 155.97 N M R (CDCI3)： 5 (ppm) 20.41. M S (EI, 70eV): m/z 296 
(Nf). 
Preparation of 2,6-(Ph2PCH2)2C5H3N (8a) 
To a mixture of 2, 6-lutidine (5 ml, 42.9 mmol), T M E D A (13 ml, 86.3 mmol) and 
diethyl ether (100 ml) was added dropwisely a solution of Bu"Li (54 ml, 86.4 mol) at 
0。C with stirring. The mixture was stirred at room temperature for 2 h. and added 
dropwisely to a cooled (-90 °C) solution of Ph^PCl (15.5 ml, 86.3 mmol) in diethyl 
ether (100 ml). The mixture was stirred at -90。C for 30 min. and then at room 
temperature for 15 h. White precipitate collected by filtration was then dissolved in 
CH2CI2. After filtration, the filtrate was concentrated to give white crystals of the 
titled compound (11.2 g, 55 %). m.p. = 149。C. ^ H N M R (CDCI3)： 5 3.57 (s, 4H, CH2), 
6.67 (d, J= 7.8 Hz, 2H, Py), 7.18-7.43 (m, 20H, Ph), 7.66-7.80 (m, IH, Py). 
N M R (CDCI3)： 5 (ppm) 13.77. 
Preparation of 2，6-(Pr�PCH2)2C5H3N (8b) 
The same procedure as for 2,6-(Ph2PCH2)2C5H3N was employed, but Pr'2PCl (13.7 ml, 
86.4 mmol) was used instead of PhsPCl, and the product was purified by distillation at 
reduced pressure. A pale yellow oil of the titled compound was obtained (10.3 g, 71 
%). b.p. = 110-120。C /O.Ol mmHg. ^ H N M R (CDCI3)： 5 (ppm) 1.14-1.22 (m, 24H, 
Me), 1.87-1.97 (m, 4H, CH), 3.08 (d’ Jp.h = 3.0 Hz, CH2), 7.23 (d, J二 6.0 Hz, 2H, Py)， 
7.57 (t, J = 6.0 Hz, Py). N M R (CDCI3)： 5 (ppm) 18.84-19.75 (m, CUMel 
23.45 (d，CH), 32.37 (d, CH2), 120.40, 136.18，159.82 ( P y ) . N M R (CDCI3)： 5 
(ppm) 24.33. 
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Preparation of 2,6-(Me3SiN=PPh2CH2)2C5H3N (9a) 
A stirring mixture of 2，6-(Ph2PCH2)2C5H3N (11.2 g, 23.6 mmol) and MesSiNs (6.5 ml, 
51.9 mmol) was heated at 140-150。C for 10 h with stirring. After cooling to room 
temperature, volatiles were removed under vacuum and the white solid of the titled 
compound was obtained (15.0 g, 98 %). m.p. = 153.5 ^H N M R (CDCI3): 5 -0.16 (s, 
.18H, SiMes), 3.64 (d, JP-H=15.0 H Z, 4H , C H 2 ) , 7.02 (d, J二 7.8 Hz, 2H, Py), 7.25-7.39 
(m，12H, Ph), 7.54-7.61 (m, 8H, Ph), 7.68-7.75 (m, IH, Py). 
Preparation of 2，6-(Me3SiN二PPr^CByzCsEbN (9b) 
A mixture of 2,6-(Pr'2PCH2)2C5H3N (10.3 g, 30.5 mmol), MesSiNs (8.9 ml, 67.1 
mmol) in toluene (50 ml) was gently heated at 110。C for 1 h. and then refluxed at ca. 
140。C 5 h. Solvent and excess MesSiNs were removed in vacuo and the residue 
was distilled at reduced pressure. A pale yellow oil of the titled compound was 
obtained, b.p. 二 150-160。C/0.01 m m H g (14.4 g，92 %). ^ H N M R (CDCI3): 5 (ppm) 
-0.05 (s, 18H, SiMe3), 0.98-1.07 (m, 15.0 Hz, 24H, Me), 1.86-1.94 (m, 2H, CH), 3.10 
(d, Jp.H 二 12.0 Hz, C H 2 ) , 7.23 (d, 7=9.0 Hz, 2H, Py), 7.44 (t, J = 9.0 Hz, IH, Py). 
i3c{1H} N M R (CDCI3)： 5 (ppm) 4.75 (SiMes), 16.56 (d, CHM?2), 27.19 (d, CH), 
36.88 (d, CR2X 122.85, 136.22’ 154.96 (Py). N M R (CDCI3)： 5 (ppm) 34.42. 
Preparation of [Li2{2,6-(Me3SiN=PPh2CH)2C5H3N}THF] (10a) 
To a cooled (ca. -90。C) solution of 2,6-(Me3SiN二PPh2CH2)2C5H3N (1.15 g，1.8 
mmol) in THF was added dropwisely a solution of Bu"Li (2.5 ml, 1.6M in hexane, 3.9 
mmol). The mixture was warmed to room temperature and stirred for 12 h. Solvent 
was removed under vacuum and the residue was extracted with pentane. Filtration and 
concentration of the filtrate gave orange crystals of the titled compound (1.05 g，79 
%). iH N M R (CeDe)： 5 0.16 (s, 18H, SiMes), 1.33-1.37 (m, 4H, THF), 3.92 (d, JP-H 
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=20.7 Hz, 2H, C H 2 ) , 3.45-3.50 (m, 4H, THF), 7.02 (d, J= 7.8 Hz, 2H, Py), 6.98-7.16 
(m，14H, Ph)，7.94-8.07 (m, 6H, Ph), 8.13-8.14 (m, IH, Py). N M R (CDCI3)： 
5 (ppm) 5.26 (S_3)，25.90 (s, THF), 57.95 (d, CH), 68.68 (s，THF), 128.06, 128.39, 
140.56 (Py), 128.71, 131.93, 132.86, 132.99 (Ph). 
Preparation of [Li{2，6-(Me3SiN=PPr'2CH)(Me3SiN=PPr�CH2)C5H3N}] (10b) 
To a cooled (ca. -90 °C) solution of 2,6-(Me3SiN=PPr'2CH2)2C5H3N (0.77 g, 1.5 
mmol) in THF was added dropwisely a solution of Bi/Li (2.5 ml, 1.6M in hexane, 3.3 
mmol). The mixture was warmed to room temperature and stirred 12 h. Solvent was 
removed under vacuum and the residue was extracted with pentane. Filtration and 
concentration of the filtrate gave yellow crystals of the titled compound. 
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CHAPTER 2 
Synthesis and Characterization of Transition Metal Complexes 
containing Phosphoranoimine Ligands 
2.1 Introduction 
In general, second- and third-row transition metals usually have stronger 
metal-hydrogen, metal-carbon, and metal-metal bonds than the first-row metals. The 
third-row transition metal complexes usually exhibit lower reactivity than their 
second- or first-row counterparts, and the most active catalysts on olefin 
polymerization are usually from the second or first row] 
The metals on the left-hand side of the periodic table (Group 4，5 and 6) are more 
electropositive than those at the right and tend to form stronger bonds with "hard" 
donor atoms such as oxygen. These oxophilic elements have relatively fewer d 
electrons and therefore high coordination numbers are usually found. The 7i-acid 
ligands do not bond as strongly to Group 4 and 5 metals as to those of Group 8，9 and 
10，and the migratory insertion reactions are often facile, with the equilibria lying to 
the side of the insertion products. 
The Group 8, 9 and 10 metals are less electropositive than those at the left and 
are easily reduced to the zerovalent state. They tend to form strong bonds with soft 
ligands. Many of these complexes with (f or d^ ^ configurations usually undergo 
oxidative addition and reductive elimination reactions. The Group 8, 9 and 10 metals, 
especially in the second and third rows, usually have low coordination numbers with 
relatively stable coordinatively unsaturated species. These metals complexes usually 
contain strongly bonded Tc-acid ligands, such as C O and olefins. 
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Phosphoranoimines, R3P=NR', show a variety of bonding modes with the early 
and late transition metals and actinides.^ '^  These versatile anionic ligands, (R3P二N.), 
can act as 1, 2，or 4 electron donor to the metal center. Under different circumstances, 
there can be considerable multiple bond character in the M - N bond in complexes of 
the type RsP^N-M.^"^ The bonding mode established is predominantly affected by the 
oxidation state (OS) of the transition metal. As shown in Figure 2.1, metal centers in 
high OS, i.e. metal atoms with empty c/-orbitals prefer type A bonding mode, those in 
low OS will prefer type E. Examples with two different bonding modes, e.g. A/B or 
A/D, are found in complexes with OS (+3, +4, +5). Furthermore, the nature and 
number of other ligated atoms at the metal centre, as well as the steric demands and 
inductive effects of the groups R bound to phosphorus affect the bonding mode. 
M 三N-PR3 M 二N 二PR3 (A) 
[M]=F^ ^ (B) 
\pR3 
PR3 
[M 广 � _ 
严 3 _ _ PRs 
N ^ , N � (D) 
[M] \ [M ] 
PR3 
[M]Z/N� [M] (E) 
[M] 
Figure 2.1 Bonding modes of transition metal phosphoranoimine complex 
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In this chapter, the synthesis of late transition metal chelate complexes with M-N 
a bond is demonstrated. The coordination geometry and bonding mode of the 
different transition metal complexes will be discussed. By changing the steric and 
inductive effects of the groups R bound to phosphorus, the effect on the coordination 
geometry of the synthesized complexes is being studied. 
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2.2 Results and Discussion 
2.2.1 Synthesis and Characterization of Titanium(IV) Phosphoranoimido 
Complexes [Ti{N=(2-CH2Py)PPr、}Cl3(THF)] (11) and 
[Ti2{{N=PPh2CH2}2 C5H3N-2,6}{(^-Cl)2Cl4(THr)2}]n (12) 
Treatment of TiCU with phosphoranoimine 7 b in THF at low temperature 
afforded titanium(IV) phosphoranoimido compound 11 via dehalosilylation. The 
reaction was so vigorous that even slow addition of TiCU at low temperature resulted 
a yellow suspension immediately. After the reaction, a clear yellow solution was 
obtained. The solution was then concentrated and highly air-sensitive yellow crystals 
were obtained in high yield (>70 % ) (Scheme 2.1). 
Scheme 2.1 




Reagents and conditions: (i) TiCU, THF, -90 °C. 
Dehalosilylation occurred readily between TiCU and phosphoranoimine 7b. 
TiCU, being a Lewis acid, reacts with phosphoranoimine 7b by elimination of 
trimethylsilyl chloride to form imido compound 11. Compound 11 was characterized 
by 1h N M R spectroscopy and X-ray crystallography. The ^H N M R spectrum of 11 
displayed signals shifting to downfield and larger coupling constant for the methylene 
proton was observed. Since the trimethylsilyl group was eliminated, no corresponding 
signal was found in the ^H N M R spectrum as compared with the parent 
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phosphoranoimine 7b. Four signals assignable to the pyridyl protons were observed in 
the region of 5 7.20 to 8.43 ppm in compound 11, while these signals were observed 
in the region of 5 7.03 to 8.04 ppm in the free phosphoranoimine. Methylene protons 
of compound 11 showed a doublet at 5 4.11 ppm (TP-H = 15.6 Hz). The methine proton 
signal of the isopropyl group appeared as multiplet at 5 2.64 to 2.67 ppm. Multiplet 
was also observed at 5 1.22 to 1.60 ppm which was arised from the methyl protons of 
the isopropyl group. The multiplet was due to the coupling of phosphorus atom and 
the further coupling of the methine proton with the methyl protons. 
The preparation of [Ti2{{N=PPh2CH2hC5H3N-2,6}{(^i-Cl)2CU(THFM]n (12) 
was similar to that of compound 11. Slow addition of TiCU to a solution of 
phosphoranoimine 9 a at low temperature afforded a greenish yellow suspension 
immediately. After stirring for 8 h, a clear green solution was obtained. Upon 
concentration and cooling, yellow crystals were obtained in high yield (>70%) 
(Scheme 2.2). 
Scheme 2.2 
f ^ THF f ^ THF 
MegSi' 、SiMe3 
9a 12 
Reagents and conditions: (i) TiCU, THF, -90 °C. 
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The structure of compound 12 as determined by X-ray crystallography is 
polymeric. Similar to compound 11, it was formed via the dehalosilylation. As 
confirmed by ^H and ^^ C N M R spectra, no signal of trimethylsilyl group was found. 
The N M R spectra of the complex were similar to that of the free phosphoranoimine 
but with larger coupling constant. The ^H N M R spectrum of compound 12 showed 
signals at 5 7.27 to 7.72 ppm, assignable to the phenyl protons and the pyridyl protons. 
The doublet was found at 5 4.00 ppm with JP.H = 14.7 Hz, was assignable to the four 
methylene protons with same chemical environment on both arms. 
The 13c N M R spectrum of compound 12 displayed peaks at 5 124.45 to 137.37 
ppm, assignable to the pyridyl ring carbons and also the phenyl ring carbons. The 
methylene carbon signal was observed at 5 38.48 ppm. The ^^ P N M R spectrum of 
compound 12 displayed only one peak at 5 28.14 ppm showing that there is only one 
kind of phosphorus in this compound. 
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2.2.2 Molecular Structures of [Ti{N=(2-CH2Py)PPr�}Cl3(THF)] (11) and 
[Ti2{{N=PPh2CH2}2C5H3N-2,6}{(^-Cl)2Cl4(THF)2}]„(12) 
Perspective ORTEP drawings of the molecular structure of complexes 11 and 12 
are shown in Figure 2.3 and 2.4，respectively. Selected bond distances and angles are 
listed in Table 2.1 and 2.2, respectively. Other selected crystallographic data are 
complied in Appendix I. 
Compound 11 is a six-coordinate monomeric compound with octahedral 
geometry. The structure has shown that compound 11 is a titanium phosphoranoimido 
complex formed from the chlorotrimethylsilyl elimination. In addition to the 
Ti-N(imide) bond, the titanium atom is also coordinated to the pyridyl nitrogen, THF 
oxygen, and bonded to three chlorine atoms. Ti(l) is bonded to N(l), N(2), Cl(l), 
Cl(2), Cl(3) and 0(1) at distances of 2.286(6), 1.747(5)，2.363(2), 2.350(2)，2.367(2) 
and 2.353(5) A, respectively. Bochmann and co-workers have also synthesized many 
dehalosilylated compounds with potential reactivity towards ethylene polymerization. 
One of the compound obtained C5H3N(Ph2PNTiCl2Cp*)2-2,6,7 is a four-coordinate 
monomeric compound. ^  By comparing the structural data, similar Ti-N(imide) bond 
distance of 1.794(2) A was observed in this compound. 
The P-N bond distance of 1.601(5) A in 11 is slightly longer than the distance of 
1.521(6) A in phosphoranoimine 7b. In addition, the bond distance of Ti-N(imide) 
was found to be rather short [1.747(5) A] when compared with the Ti-N(imino) 
distance of 2.215 A in [2-(PhNCH)C4H3N]2TiCl2 reported by Fujita.^  The lengthening 
of P-N and shortening of Ti-N(imide) bond distances maybe due to the existence of 
the equilibrium in Figure 2.2. 
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[M]=l^  . _ 一 [M]-N^ (B) 
\pR3 "PR3 
Figure 2.2 Bonding mode (B) of transition metal phosphoranoimido complex 
As shown in Figure 2.2, the double bond character is in equilibrium with the metal, 
the nitrogen and the phosphorus. This results in the strengthening of M-N(imino) 
bond and weakening ofP-N double bond character. 
Cii C4 
CI3 
C12 Figure 2.3 Molecular structure of monomeric Titanium complex 11 
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Table 2.1 Selected bond distances (A) and angles (deg) for complex 11 
Ti(l)-N(2) 1.747(5) Ti(l)-N(l) 2.286(6) 
Ti ⑴-Cl(2) 2.350(2) Ti(l)-0(1) 2.353(5) 
Ti(l)-Cl(l) 2.363(2) Ti ⑴-Cl(3) 2.367(2) 
P(l)-N(2) 1.601(5) 
N ⑵-Ti(l)-N ⑴ 87.4(2) N ⑵-Ti ⑴-Cl(2) 102.44(19) 
N(l)-Ti ⑴-Cl(2) 170.15(16) N(2)-Ti(l)-0(1) 167.8(2) 
N ⑴-Ti ⑴-0(1) 80.72(19) Cl(2)-Ti(l)-0(1) 89.50(13) 
N(2)-Ti ⑴-Cl(l) 99.26(18) N ⑴-Ti ⑴-Cl(l) 86.57(16) 
Cl(2)-Ti ⑴-Cl(l) 90.98(8) 0(1)-Ti(l)-Cl(l) 82.62(13) 
N(2)-Ti ⑴-Cl(3) 96.93(18) N ⑴-Ti ⑴-Cl(3) 87.05(15) 
Cl(2)-Ti(l)-Cl(3) 92.51(8) 0(1)-Ti(l)-Cl(3) 80.05(13) 
Cl(l)-Ti(l)-Cl(3) 162.29(9) 
Compound 12 is a polymeric compound with a six-coordinate titanium(IV) 
centre. In this compound, each titanium atom is bridged by two chlorine atoms 
forming an octahedral structure. The coordination spheres of all titanium atoms within 
the complex are the same. Each titanium atom is bridged by two chlorine atoms and is 
bonded directly to the imido nitrogen atom on both arms of the ligand, by which 
forming a polymeric compound. In addition to direct bonding with imido nitrogens, 
each titanium center is also bonded to oxygen (THF) and four chlorine atoms. 
However, no coordination is found between the pyridyl nitrogen and the titanium 
center. Ti(l) is bonded to N⑶,Cl(l), Cl(2), Cl(3), Cl(3)#l and 0(1) at distances of 
1.754(4), 2.3391(16), 2.3506(18), 2.4360(16), 2.6901(15) a n d 2.111(4) A , 
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respectively. 
The bond distances ofP(l)-N(2) and P(2)-N(3) are 1.594(4) A and 1.610(4) A in 
compound 12. Similar to compound 11, the overall P-N bond distance is slightly 
longer than the free phosphoranoimine (1.521(6) A). In addition, Ti-N(imide) 
distances are significantly shorter than the distance of 2.215 A Ti-N(imino) in 
[2-(PhNCH)C4H3N]2TiCl2.9 This lengthening and shortening of bond distances are 
maybe also due to the existence of equilibrium in Figure 2.2. 
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C 2 1 4 ^ C 2 1 3 
C215 铃 
C7 令 
、 T i l ^ ^ l 认 C1t 
Figure 2.4 Molecular structure of polymeric Titanium complex 12 
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Table 2.2 Selected bond distances (A) and angles (deg) for complex 12 
Ti( 1 )-N(2) 1.754(4) Ti(l)-0(1) 2.111(4) 
Ti(l)-Cl(l) 2.3391(16) Ti ⑴-Cl(2) 2.3506(18) 
Ti(l)-a(3) 2.4360(16) Ti(l)-Cl(3)#l 2.6901(15) 
Ti(2)-N(3) 1.733(4) Ti ⑶-0(2) 2.120(4) 
Ti(2)-Cl(5) 2.3140(17) Ti(2)-Cl(4) 2.3150(16) 
Ti(2)-Cl(6) 2.3214(16) P(l)-N(2) 1.595(4) 
P(2)-N(3) 1.610(4) Cl(3)-Ti(l)#l 2.6901(15) 
N(2)-Ti ⑴-0(1) 96.27(17) N ⑶-Ti ⑴-Cl(l) 97.41(15) 
0(1)-Ti(l)-Cl(l) 166.23(11) N(2)-Ti ⑴-Cl(2) 99.26(16) 
(Xl)-Ti ⑴-CK2) 84.10(12) . Cl(l)-Ti(l)-Cl(2) 92.15(7) 
N(2)-Ti(l)-Cl(3) 94.01(15) 0(1)-Ti(l)-Cl(3) 86.53(12) 
Cl(l)-Ti(l)-Cl(3) 94.06(6) Cl(2)-Ti ⑴-Cl(3) 164.50(6) 
N(2)-Ti ⑴-Cl(3)#l 172.49(15) 0⑴-Ti ⑴ 8 1 . 8 2 ( 1 1 ) 
Cl(l)-Ti(l)-Cl(3)#l 84.80(5) Cl(2)-Ti �- a ( 3 ) # l 80.05(13) 
Cl(3)-Ti(l)-Cl(3) #1 78.65(5) N(3)-Ti(2)-0(2) 97.14(18) 
N(3)-Ti(2)-Cl(5) 102.05(15) 0(2)-Ti(2)-Cl(5) 160.80(12) 
Cl(5)-Ti(2)-Cl(4) 91.11(7) N(3)-Ti ⑶-Cl(6) 110.34(15) 
0(2)-Ti(2)-Cl(6) 83.03(14) Cl(5)-Ti(2)-Cl(6) 90.80(7) 
Cl(4)-Ti(2)-Cl(6) 139.28(7) T 丨⑴-Cl(3)-Ti ⑴ #1 101.35(5) 
. 4 1 _ 
2.2.3 Synthesis and Characterization of Iron(ll) Complexes 
[Fe{(2-CH2Py)PR2=NSiMe3}Cl2] (R = Ph, 13a; Pr\ 13b) 
Treatment of phosphoranoimines, 7 a and 7b, with anhydrous FeCl? at low 
temperature in THF afforded compounds 1 3 a and 1 3 b , respectively. During the 
reaction, a yellow suspension was obtained for compound 1 3 a and a brown 
suspension was obtained for compound 1 3 b . Solvent for reaction was removed and “ 
the product was extracted with CH2CI2. Filtration and concentration afforded yellow 
and reddish brown crystals for compound 1 3 a and 1 3 b , respectively (Scheme 2.3). 
Scheme 2.3 
！ J ^ ^ Me3S,、/ J 
cr、ci 
R 哉 7a R=Ph, 13a 
Reagents and condition: (i) anhydrous FeCh, THF, 0 °C. 
The compounds obtained are moderately air-sensitive. The crystals turned dark 
brown immediately when expose to air. The structures of both compounds were 
confirmed by X-ray crystallography showing a tetrahedral metal center. Both 
compounds are paramagnetic compounds with high spin configuration, no N M R 
spectrum has been recorded. The compounds were characterized by mass 
spectrometry and elemental analysis. 
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2.2.4 Molecular Structures of [Fe{(2-CH2Py)PR2=NSiMe3}Cl2] (R = Ph, 13a; 
W , 13b) 
Perspective ORTEP drawings of the molecular structure of complexes 1 3 a and 
1 3 b are shown in Figure 2.5 and 2.6, respectively. Selected bond distances and angles 
are listed in Table 2.3 and 2.4, respectively. Other selected crystallographic data are 
complied in Appendix I. 
Complex 13a and 13b are compounds with the phosphoranoimines 7a and 7b act 
as a bidentate ligand. The tetrahedral iron center is chelated by two nitrogen atoms in 
the phosphoranoimines in both cases. In compound 13a，Fe(l) is bonded to N(l), N(2), 
Cl(l) and Cl(2) at distances of 2.1338(18), 2.0612(19), 2.2666(8) and 2.2662(7) A, 
respectively. In compound 13b, Fe(l) is bonded to N(l), N(2), Cl(l) and Cl(2) at 
distances of 2.115(4), 2.059(4), 2.2489(15) and 2.2866(15) A, respectively. 
Bochmann and co-workers reported the iron phosphoranoimine complex 
[2,6，7-C5H3N(Ph2PNSiMe3)2]FeBr2，where the iron centre is in a trigonal bipyrimidal 
geometry.Based on the structural data, the bond distance of 2.163(5) A 
Fe-N(pyridyl) in Bochmann's compound is similar to those of compounds 13a and 
13b [2.1338(18) and 2.115(4) A] in this work. However, the bond distance of 
Fe-N(imino) is significantly longer in Bochmann's compound [2.312(5) and 2.267(5) 
A], In compounds 13a and 13b, the bond distances of the Fe-N(imino) are 
comparatively shorter than that of the Fe-N(pyridyl). It suggests that the electron 
donating ability of the imino nitrogen is stronger than that of the pyridyl nitrogen. 
However, this effect changes if the metal center changes. Among all, the iron center 
exhibits the greatest difference in bond distances between M-N(imino) and 
M-N(pyridyl). Besides，the bond distances of P-N bond (1.5904(19) and 1.585(4) A) 
and Si-N bond (1.7417(18) and 1.732(4) A ) in both compounds are similar to those 
reported in the literature. 
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ai8) I C(6) / ^ ^ 
0(8 )© 0 
Figure 2.5 Molecular structure of tetrahedral Iron(n) complex 13a 
Table 2.3 Selected bond distances (A) and angles (deg) for complex 13a 
Fe(l)-N(2) 2.0612(19) Fe(l)-N(l) 2.1338(18) 
Fe(l)-Cl(2) 2.2662(7) Fe(l)-Cl(l) 2.2666(8) 
P(1 )-N(2) 1.5 904( 19) Si(l )-N ⑵ 1.7417( 18) 
N(2)- Fe(l)-N(l) 101.96 (7) N(2)- Fe⑴-Cl(2) 107.84(6) 
N(l)-Fe⑴-Cl(2) 106.87(6) N(2)-Fe⑴-Cl(l) 115.51(6) 




Figure 2.6 Molecular structure of tetrahedral Iron(n) complex 13b 
Table 2.4 Selected bond distances (A) and angles (deg) for complex 13b 
Fe(l)-N(2) 2.059(4) Fe(l)-N(l) 2.115(4) 
Fe(l)-Cl(l) 2.2489(15) Fe(l)-Cl(2) 2.2866(15) 
P ⑴-N(2) 1.585(4) Si ⑴-N(2) 1.732(4) 
N(2)-Fe⑴-N(l) 98.79 (15) N(2)- Fe(l)-Cl(l) 121.05(11) 
N(l)- Fe(l)-Cl(l) 102.68(12) N(2)-Fe⑴-Cl(2) 109.26(11) 
N(l)-Fe⑴-Cl(2) 103.76(12) Cl(l)-Fe⑴-Cl(2) 117.50(6) 
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2.2.5 Synthesis and Characterization of Cobalt(II) Complexes 
[Co{(2-CH2Py)PR2=NSiMe3}Cl2] (R = Ph, 14a; Pr^ , 14b) 
Treatment of phosphoranoimines, 7a and 7b, with anhydrous C0CI2 at low 
temperature in THF afforded compounds, 14a and 14b After the addition of reactants, 
blue suspensions were obtained for both compounds. Solvent was removed and 
CH2CI2 was used for extraction. Filtration and concentration afforded two kinds of 
blue crystals with one paler in colour. Both crystals have been sent for X-ray analysis. 
From the structure obtained, it was found that one of them is the desired compounds, 
14a and 14b, and the other one was the CoCl2(THF) adduct. With similar solubility, 
the purities of both compounds 14a and 14b were not high (Scheme 2.4). 
Scheme 2.4 
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R 哉 7a R=ph, 14a 
R� r，7b R=Pr', 14b 
Reagents and condition: (i) anhydrous C0CI2, THF, 0 °C. 
The yield of both compounds was low (<50%). Satisfactory elemental analysis 
for both compounds have not been obtained, probably due to the co-crystallization of 
the desired compounds and the CoCl2(THF) adduct. Since both synthesized 
compounds prepared are paramagnetic, no N M R spectrum has been recorded. 
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2.2.6 Molecular Structures of [Co{(2-CH2Py)PR2=NSiMe3}Cl2] (R = Ph, 14a; 
Pr\ 14b) 
Perspective ORTEP drawings of the molecular structure of complexes 1 4 a and 
1 4 b are shown in Figure 2.7 and 2.8, respectively. Selected bond distances and angles 
are listed in Table 2.5 and 2.6, respectively. Other selected crystallographic data are 
complied in Appendix I. 
Both phosphoranoimines form chelating complexes with cobalt(II) chloride 
where the geometry at the cobalt centers are tetrahedral. In compound 14a, Co(l) is 
bonded to N(l), N(2), Cl(l) and Cl(2) at distances of 2.083(3), 2.013(3), 2.2478(12) 
and 2.2414(11) A, respectively. In compound 14b, Co(l) is bonded to N(l), N(2), 
Cl(l) and Cl(2) at distances of 2.054(3), 2.016(3)，2.2369(11) and 2.2526(12) A, 
respectively. The bond distances of Co-N(imino) in our compounds are similar to 
those reported in the literature 2.030(6) In addition, it was found that the bond 
distances of Co-N(imino) [2.013(3) and 2.016(3) A] are shorter than that of the 
Co-N(pyridyl) [2.083(3) and 2.054(3) A], However, this effect is not as dominant as 
that in the iron complexes. Also, the bond distances of P-N [1.587(3) and 1.597(3) A] 
and Si-N [1.747(3) and 1.735(4) A ] in both compounds are similar to those reported 
in the literature. 
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Figure 2.7 Molecular structure of tetrahedral Cobalt(ll) complex 14a 
Table 2.5 Selected bond distances (A) and angles (deg) for complex 14a 
Co(l)-N ⑶ 2.013(3) Co(l)-N(l) 2.083(3) 
Co(l)-Cl(2) 2.2414(11) Co(l)-Cl(l) 2.2478(12) 
P(l)-N(2) 1.587(3) Si ⑴-N ⑶ 1.747(3) 
N(2)-Co(l)-N(l) 103.23(11) N ⑶-Co(l)-Cl(2) 110.35(9) 
N(l)-Co(l)-Cl(2) 107.50(8) N ⑶-Co(l)-Cl(l) 116.49(9) 
N(l)-Co(l)-Cl(l) 99.48(8) CI ⑶-Co(l)-CKl) 117.64(5) 
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Figure 2.8 Molecular structure of tetrahedral Cobalt(II) complex 14b 
Table 2.6 Selected bond distances (A) and angles (deg) for complex 14b 
Co(l)-N(2) 2.016(3) Co(l)-N ⑴ 2.054(3) 
Co(l)-Cl(l) 2.2369(11) Co(l)-Cl(2) 2.2526(12) 
P(l)-N(2) 1.597(3) Si ⑴-N ⑶ 1.735(4) 
N(2)-Co-N(l) 101.26(13) N(2)-Co-Cl(l) 乂 117.96(10) 
N(l)-Co-Cl(l) 103.35(10) N(2)-Co-Cl(2) 112.44(10) 
N( 1 )-Co-Cl(2) 113.8(2) Cl(l )-Co-Cl(2) 115.64(5) 
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2.2.7 Synthesis and Characterization of Copper(I) Complexes 
[Cu{(2-CH2Py)PPh2=NSiMe3}I]2 (15a), [Cu{(2-CH2Py)PPr^2=NSiMe3}I] 
(15b) and [Cu{2,6-(Me3SiN=PPr、CH2)2C5H3N}]+ [Cut]' (16) 
Treatment of phosphoranoimines, 7 a and 7b, with anhydrous Cul at low 
temperature in THF afforded compounds, 15a and 15b Addition of Cul to the 
solutions of phosphoranoimines in THF obtained a greenish-yellow suspension for 
compound 15a and a yellow suspension for compound 1 5 b . After stirring for 3 hours, 
the grey solid gradually dissolved to form the corresponding clear solutions. Filtration 
and concentration yielded greenish yellow crystals for compound 15a and yellow 
crystals for compound 15b, respectively (Scheme 2.5). The compounds obtained are 
moderately air-sensitive and decomposed after exposure to air for a few hours. 
Scheme 2.5 
Me3S A 广 j 
Cu 
<c> 
八 / \ ,SiMe3 
广 N N 
( i ) ^ ^ ^ 15a 
/N N ^ 
MesSi . 八八 
R=Pr', 7b Cu , 1 
I 
15b 
Reagents and condition: (i) anhydrous Cul, THF, 0 °C. 
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Both compounds were characterized by N M R and elemental analysis and their 
structures were confirmed by X-ray crystallography. The reaction of Cul with 
phosphoranoimine 7a afforded a dimeric complex 15a. In contrast, similar reaction 
with phosphoranoimine 7b afforded a monomeric complex 15b. The ^H, ^^C and ^ P^ 
N M R spectra showed similar chemical shifts but larger coupling constants from the 
methylene protons for both compounds. The ^H N M R spectrum of 15a showed 
signals at 5 6.91 to 8.71 ppm, assignable to the phenyl protons and the pyridyl protons. 
The doublet found at 5 3.83 ppm (JP-H = 13.5 Hz) assignable to the two methylene 
protons. The trimethylsilyl proton signal was observed at 5 0.02 ppm. 
Similarly, the ^ H N M R spectrum of 1 5 b showed signals at 5 7.28 to 8.78 ppm, 
assignable to the pyridyl protons. The doublet of the methylene protons was found at 
5 3.21 ppm with JP-H = 11.7 Hz. The methyl proton signal appeared as multiplet at 5 
1.00 to 1.19 ppm. The multiplet signal observed at 5 2.12 to 2.19 ppm was assignable 
to the methine proton. With the result of coupling between the methine proton and the 
methyl protons, a mutiplet was found. A singlet at 5 0.26 ppm was assigned to the 
trimethylsilyl protons in compound 1 5 b . 
The i^C N M R spectrum of compound 1 5 a displayed peaks at 5 123.07 to 150.67 
ppm assignable to the pyridyl ring carbons and also the phenyl ring carbons. Signals 
of the methylene carbons and trimethylsilyl carbon appeared at 5 42.41 and 3.97 ppm, 
respectively. The ^ P^ N M R spectrum of compound 1 5 a displayed only one peak at 5 
34.30 ppm. This showed that the two phosphorus atoms within the dimeric compound 
were in the same chemical environment. 
The 1 3 c N M R spectrum of compound 1 5 b showed peaks at 5 122.71 to 152.66 
ppm, assignable to the pyridyl ring carbons with different chemical environments. The 
isopropyl carbon signals appeared at 5 15.77 and 26.35 ppm. Signals of the methylene 
carbon and trimethylsilyl carbons were observed at 5 32.53 and 4.46 ppm, 
51 — 
carbon and trimethylsilyl carbons were observed at 5 32.53 and 4.46 ppm, 
respectively. The ^ P^ N M R spectrum of compound 1 5 b displayed one peak at 5 57.07 
ppm. 
Reaction between phosphoranoimine 9 b with anhydrous Cul at low temperature 
afforded ionic complex [Cu{2,6-(Me3SiN=PlPr2CH2)2C5H3N}]+ [Cut]' (16). Addition 
of Cul to a solution of 9 b in THF obtained a yellow suspension. After sti-rring for 3 h, 
all the grey solid dissolved to form a clear yellow solution. Concentration of the 
filtered solution afforded the yellow crystals of 16 (Scheme 2.6). 
Scheme 2.6 
^ � ff^ 1 + 
P—八\ 严 2 ,N、'zN、 
N N、z MeaSi CLJ 、SiMe3 
MeaSi SiMea L -
9b 16 
Reagents and condition: (i) anhydrous Cul, THF, 0。C. 
The compound obtained is moderately air-sensitive and it is readily hydrolyzed 
in air. The yield of this compound was >70 % . The compound was characterized by 
X-ray crystallography and mass spectrometry. 
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2.2.8 Molecular Structures of [Cu{(2-CH2Py)PPh2=NSiMe3}I]2 (15a)， 
[Cu{(2-CH2Py)PPr^2=NSiMe3}I] (15b) and [Cu{2,6-(Me3SiN=PPr^2CH2)2 
C5H3N}广[Cut]- (16) 
Perspective ORTEP drawings of the molecular structure of complexes 1 5 a , 1 5 b 
and 16 are shown in Figure 2.9, 2.10 and 2.11, respectively. Selected bond distances 
and angles are listed in Table 2.7, 2.8 and 2.9, respectively. Other selected 
crystallographic data are complied in Appendix I. 
Reaction of phosphoranoimines, 7a and 7b, with Cul gave compounds with 
different structures. Complex 15a obtained from phosphoranoimine 7a is a dimeric 
four-coordinate compound, while 15b obtained from phosphoranoimine 7b is a 
monomeric three-coordinate compound. The formation of dimeric structure of 
compound 15a is presumably due to a more favourable TI-TC stacking of the phenyl 
rings in the solid state. As the phenyl group is changed to the isopropyl group in 
compound 15b, the monomeric compound was obtained. In compound 15a, the 
copper center is coordinated in a tetrahedral fashion with two iodine atoms bridging 
each copper center. Cu(l) is bonded to N(l)，N(2), 1(1) and I(1A) at distances of 
2.100(4), 2.128(3), 2.613(7) and 2.708 (7) A, respectively. In compound 15b, the 
copper center is coordinated in a trigonal planar geometry. Cu is bonded to N(l), N(2) 
and I at distances of 2.049(3), 1.989(2) and 2.480(6) A, respectively. 
Based on the structural data, it was found that the Cu-N(imino) distances of 
2.100(4) and 1.989(2) A were only slightly shorter than the Cu-N(pyridyl) distances 
of 2.128(3) and 2.049(3) A. This suggests that the electron donating ability for both • 
kinds of nitrogen is similar. The P-N bond distances are 1.569(3) A and 1.581(3) A in 
compound 15a and 1 5 b , which show the normal P-N double bond. 
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Figure 2.9 Molecular structure of dimeric Copper(I) complex 15a 
Table 2.7 Selected bond distances (A) and angles (deg) for complex 15a 
I(l)-Cu(l) 2.613(7) I(l)-Cu(lA) 2.708 (7) 
Cu(l)-N(l) 2.100(4) Cu(l)-N ⑶ 2.128(3) 
Cu(l)-I(1A) 2.708 (7) P⑴-N(2) 1.569(3) 
Cu(l)-I(l)-Cu(lA) 71.30(2) N(l)-Cu ⑴-N(2) 97.77(13) 
N(l)-Cu(l)-I(l) 108.68(10) N(2)-Cu ⑴-1(1) 122.59(9) 
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Figure 2,10 Molecular structure of monomeric Copper(I) complex 15b 
Table 2.8 Selected bond distances (A) and angles (deg) for complex 15b 
I-Cu 2.4794(6) Cu-N(2) 1.989(2) 
Cu(l)-N(l) 2.049(3) P-N(2) 1.581(3) 
N(2)-Cu-N(l) 109.25(10) N ⑶-Cu-I 138.34(8) 
N(l)-Cu-I 112.25(7) 
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Compound 16 is a compound with a three-coordinate copper. The compound 
formed is an ionic complex complying of a [Cu{2,6-(Me3SiN=PPr'2CH2)2C5H3N}] 
and [Cut]". The cation comprised of a copper center coordinated to three nitrogen 
atoms in a distorted trigonal planar geometry. The distorted structure might be due to 
the result of the chelating constraint of the tridentate ligand. Cu(l) is bonded to N(l), 
N(2) and N(3) at distances of 2.163(8), 1.939(8) and 1.954(9) A, respectively. The 
anion comprised of the copper metal Cu(2) bonded to two iodine atoms 1(1) and 1(2) 
at distances of 2.610(3) and 2.445(2) A, respectively. 
It was found that the Cu-N(imino) distances of 1.939(8) and 1.954(9) A are 
shorter than the Cu-N(pyridyl) distance of 2.163(8) A. This shows the electron 
donating ability for both imino nitrogen atoms is similar and comparatively stronger 
than that of the pyridyl nitrogen. The P-N bond distances of 1.591(10) A and 1.598(8) 
A on each side are normal. The Si-N distances of 1.700(10) and 1.737(9) A are 
slightly different on both arms of the ligand. 
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Figure 2.11 Molecular structure of Copper(I) complex 16 
Table 2.9 Selected bond distances (A) and angles (deg) for complex 16 
I(2)-Cu(2) 2.445(2) I(l)-Cu(2) 2.610(3) 
P(l)-N(2) 1.598(8) P(2)-N(3) 1.591(10) 
Cu(l)-N(l) 2.163(8) Cu ⑴-N(2) 1.939(8) 
Cu(l)-N(3) 1.954(9) 
I(2)-Cu ⑶-1(1) 132.40(9) N(2)-Cu(l)-I(l) 122.59(9) 
N ⑵-Cu(l)-N(l) 98.53(3) N(2)-Cu(l)-N(3) 164.4(4) 
N(3)-Cu(l)-N(l) 97.1(3) 
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2.2.9 Spectroscopic properties of compounds 11-16 
Compounds 13a, 14a-15b were characterized by elemental analysis, mass 
spectrometry and X-ray structure analysis. The physical properties of the compounds 
are shown in Table 2.10. In general, the solubility of the compounds is low in 
non-polar solvents. They are soluble in THF and CH2CI2. Interestingly, the copper 
complexes, 15a and 15b, show luminescence properties in the U V region. The 
photophysical study was currently under investigation.^ ^ For the elemental analysis of 
compoundsl4a, 14b and 15a, the theoretical and experimental values have large 
deviation. As mentioned before, the purities of compounds 14a and 1 4 b are low with 
two kinds of compounds crystallized in the same solvent. 
Table 2.10 Physical Properties for Compounds 11-16 
Compound Appearance Melting Point (。C) Microanalysis (%) 
C. R N 
11 yellow / / 
12 yellow 225.9 / 
13a yellow 286.3 50.45,4.63, 5.97 
(51.34, 5.13, 5.70) 
13b reddish brown 220.5 / 
14a blue / 49.64,4.84, 5.21 
(51.02, 5.10, 5.66) 
14b blue / 40.42, 6.25，7.97 
(42.26, 6.86, 6.57) 
15a greenish yellow 224.5 44.41,4.49，5.12 
(45.45, 4.54, 5.05) 
15b yellow 186.5 36.78, 5.98, 5.81 
(37.00’ 6.00’ 5.75) 
16 yellow / 32.57，5.92, 4.92 
(33.56，5.92,4.69) 
Mass spectrum of compound 11 displayed the parent peak [M]+ at m/z 521.9. 
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Spectra of compound 1 2 and 1 5 a showed peaks at m/z 1030.7 and m/z 554, assigning 
to [M/2]+. Spectrum of compound 1 3 a showed peak at m/z 492, assigning to 
:M+1]十.Spectra of compound 1 5 b and 1 6 showed peaks at m/z 413.8 and m/z 513.1, 
assigning to [M-SiMe3]十 and [M-2CuI]+, respectively. 
Table 2.10 Mass Spectra Data for Compounds 11-16 
Compound Parent Peak [M]+ Other Important Peaks 
11 521.9 414.8 [M-3Crr, 342.9 [M-3CT-THF]+ 
12 / 1030.7 [ W i t 
13a / 492 [M+l]+, 383 [M-SiMesCl]^ 
291 [M-FeCl2-SiMe3]+， 
277 [M-FeCl2-NSiMe3]+ 
13b / 424 [M+l]+ 
14a / / 
14b / / 
1 5 a / 554 [M/2]+, 349 [M/2-CuI-Me]^, 
291 [M/2-CuI-SiMe3]+ 
15b / 413.8 [M-SiMe3]十,287.0 [M-SiMe3l]+, 
281.1 [M-Cul-Me]+ 
16 / 513.1 [M-2Cui;r, 498.0 [M-2CuI-Me]'" 
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2.3 Experimental Section 
Materials TiCU, FeCh, C0CI2 and Cul were purchased from Aldrich without further 
purification. 
Preparation of [Pr'2P(2-CH2Py)=NTiCl3(THF)] (11) 
To a solution of Pr'sPp-CHxPy)二NSiJVfe (1.84 g, 6.2 mmol) in THF (40 ml) at -90。C 
was added dropwisely TiCU (0.75 ml, 6.8 mmol) with stirring. The mixture was 
allowed to warm to room temperature and stirred for 8 h. The resultant solution was 
filtered and concentrated in vacuo to yield yellow crystals of the titled compound (2.5 
g, 77 %). ^ HNMR(d-THF): 5 (ppm) 1.22-1.30 (m, 12H, Me), 2.64-2.67 (m, 2H, CH), 
4.11 (d, Jp.H = 15.6 Hz, 2H, C H 2 ) , 7.20 (m, IH, Py)，7.70-7.71 (m, IH, Py), 7.90-7.92 
(m, IH, Py), 8.42-8.43 (m, IH, Py). M S (EI, 70eV): m/z 521.9 (5, [M]+), 414.8 (63, 
[M-3Cr]0, 342.9 (100, [M-3Cr-THF]+). 
Preparation of {2，6-[(THF)CbTiN=P(Ph)2CH2]2C5H3N}n (12) 
To a solution of 2,6-(Me3SiN二PPh^CK^sCsHsN (1.1 g, 1.7 mmol) in THF (35 ml) at 
-90 °C was added dropwisely TiCU (0.3 ml, 1.9 mmol) with stirring. The mixture was 
allowed to warm to room temperature and stirred for 8 h. The resultant solution was 
filtered and concentrated in vacuo to yield yellow crystals of the titled compound (2.7 
g，78 %). m.p. = 225.9。(：. N M R (CDCI3)： 5(ppm) 4.00 (d, JP_H= 14.7 Hz, 2H, 
C H 2 ) , 7.27 (m, IH, Py), 7.42-7.45 (m, lOH, Ph), 7.51-7.56 (m，4H, Py+Ph)，7.65-7.72 
(m, 8H, Py+Ph). N M R (CDCI3)： 5 (ppm) 38.48 (d, CEb), 124.45, 125.06, 
137.37 (Py), 126.38, 128.85, 131.79, 133.23 N M R (CDCI3)： 5 (ppm) 
28.14. M S (EI, 70eV): m/z 1030.7 (100, [M/2]+). 
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Preparation of [Fe{(2-CH2Py)PPh2=NSiMe3}Cl2] (13a) 
To a solution of Ph2P(2-CH2Py)=NSiMe3 (1.2 g, 3.2 mmol) in THF (25 ml) at 0。C 
was added anhydrous FeCl2 (0.5 g, 3.5 mmol) with stirring. The mixture was allowed 
to warm to room temperature and stirred for 12 h. Solvent was removed at reduced 
pressure and the residue was extracted with CH2CI2. The resultant solution was 
filtered and-concentrated in vacuo to yield yellow crystals of the titled compound (1.0 
g, 60 %). m. p. = 286.3。C. Anal. Found: C, 50.45; H, 4.63; N, 5.97 % . Calc. for 
C2iH25Cl2FeN2PSi: C, 51.34; H, 5.13; N, 5.70 %. M S (EI, 70eV): m/z 492 (2, 
[M+l]+), 383 (50, [M-SiMe3Cl]+), 291 (100，[M-FeCh-SiMes]^), 277 (12’ 
[M-FeCVNSiMesD 
Preparation of [Fe{(2-CH2Py)PPr^2=NSiMe3}Cl2] (13b) 
To a solution of Pr' JOCHsPy)二NSiMe〗(1.2 g，4.2 mmol) in THF (30 ml) at 0 °C 
was added anhydrous FeCl〗(0.6 g，4.6 mmol) with stirring. The mixture was allowed 
to warm to room temperature and stirred for 12 h. Solvent was removed at reduced 
pressure and the residue was extracted with CH2CI2. The resultant solution was 
filtered and concentrated in vacuo to form reddish brown crystals of the titled 
compound (1.3 g, 72 %). m. p. = 220.5。C. M S (SIMS): m/z 424 [M+l]+. 
Preparation of [Co{(2-CH2Py)PPh2=NSiMe3}Cl2] (14a) 
To a solution of Ph2P(2-CH2Py)=NSiMe3 (1.2 g, 3.2 mmol) in THF (25 ml) at 0 � C 
was added anhydrous C0CI2 (0.4 g, 3.2 mmol) with stirring. The mixture was warmed 
to room temperature and stirred for 12 h. The resultant solution was filtered and 
concentrated in vacuo to yield blue crystals of the titled compound (0.7 g, 42 %). Anal. 
Found: C, 49.64; H, 4.84; N, 5.21 %. Calc. for CisHsgBrsNiNiPSi: C，51.02; H, 5.10; 
N，5.66%. 
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Preparation of [Co{(2-CH2Py)PPr^2=NSiMe3}Cl2] (14b) 
To a solution of Pr'2P(2-CH2Py)=NSiMe3 (0.4 g, 1.4 mmol) in THF (30 ml) at 0。C 
was added anhydrous C0CI2 (0.2 g，1.4 mmol) with stirring. The mixture was allowed 
to warm to room temperature and stirred for 12 h. The resultant solution was filtered 
and concentrated in vacuo to yield blue crystals of the titled compound (0.3 g, 50 %). 
Anal. Found: C, 40.42; H, 6.25; N, 7.97 %• Calc. for CisHssClsNsCoPSi: C, 42.26; H, 
6.86; N, 6.57%. 
Preparation of [Cu{(2-CH2Py)PPh2=NSiMe3}I]2 (15a) 
To a solution of Ph2P(2-CH2Py)=NSiMe3 (0.7 g，1.8 mmol) in THF (25 ml) at 0。C 
was added anhydrous Cul (0.4 g，2.1 mmol) with stirring. The mixture was warmed to 
room temperature and stirred for 8 h. The resultant solution was filtered and 
concentrated in vacuo to yield greenish yellow crystals of the titled compound (1.7 g, 
83 %). m. p. 二 224.5。C. Anal. Found: C, 44.41; H, 4.49; N, 5.12 % . Calc. for 
C42H5oCu2l2N4P2Si2： C, 45.45; H, 4.54; N, 5.05 % . ^ H N M R (CD2CI2)： 5(ppm) 0.02 (s, 
18H, SiMes), 3.83 (d, JP-H 二 13.5Hz, 4H, C H 2 ) , 6.91-6.93 (m，2H, Py), 7.21 (m, 2H, 
Ph), 7.49-7.66 (m, 22H, Ph+Py)，8.70-8.71 (m, 2H, Py). N M R (CD2CI2)： 5 
(ppm) 3.97 (SiMe3)，42.41 (d, CH2), 130.82, 131.69, 131.82, 132.53, 150.67 (Py), 
123.07, 125.45, 125.53, 128.95 N M R (CD2CI2)： 5 (ppm) 34.30. M S (EI, 
70eV): m/z 554 (12, [M/2]+), 349 (80, [M/2-CuI-Me]''), 291 (100，[M/S-CuI-SiMesD. 
Preparation of [Cu{(2-CH2Py)PPr^2=NSiMe3}I] (15b) 
To a solution of Pr'2P(2-CH2Py)=NSiMe3 (1.0 g，3.2 mmol) in THF (30 ml) at 0 °C 
was added anhydrous Cul (0.7g, 3.5 mmol) with stirring. The mixture was allowed to 
warm to room temperature and stirred for 8 h. The resultant solution was filtered and 
concentrated in vacuo to yield yellow crystals of the titled compound (1.2 g, 78 %). m. 
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p. 二 186.5� C . Anal. Found: C, 36.78; H, 5.98; N, 5.81 %. Calc. for CisIfeNsPSiCuI: 
C, 37.00; H, 6.00; N, 5.75 % . ^H N M R (CD2CI2)： 5 (ppm) 0.26 (s, 9H, SiMes), 
1.00-1.19 (m, 1 2 H , Me), 2.12-2.19 (m，2H, CH), 3.21 (d, JP-H 二 11.7 Hz, C H 2 ) , 
7.28-7.38 (m, 2H，Py), 7.74-7.76 (m, IH，Py), 8.77-8.78 (m, IH，Py). N M R 
(CD2CI2)： 5 (ppm) 4.46 (SiM?3), 15.77(d, CHM?2), 26.25 (d, CH), 32.53 (d, CH2), 
122.71, 124.83, 137.76, 149.91, 152.66 N M R (CD2CI2)： 5 (ppm) 57.07. 
M S (EI, 70eV): m/z 413.8 (22, [M-SiMe3]+)，287.0 (100, [M-SiMesI]^), 281.1 (13, 
[M-Cul-Me],. 
Preparation of [Cu{2，6-(Me3SiN二PPr'zCByzCsBbN}�. [ C u ^ (16) 
To a solution of 2,6-(Me3SiN二PPr'2CH2)2C5H3N (1.2 g, 2.3 mmol) in THF (30 ml) at 
0 OC was added anhydrous Cul (0.5 g, 2.5 mmol) with stirring. The mixture was 
warmed to room temperature and stirred for 8 h. The resultant solution was filtered 
and concentrated in vacuo to yield yellow crystals (1.6 g，76 %). Anal. Found: C, 
32.57; H, 5.92; N，4.92 %. Calc. for CasHssNsPaSi^Cu�!�：C, 33.56; H, 5.97; N, 4.69 
0/0. M S (EI, 70eV): m/z SUA (80, [M-2CuI]+), 498.0 (100, [M-2CuI-Me]+). 
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CHAPTER 3 
Synthesis and Characterization of Group 8 Transition Metal 
Complexes containing Phosphoranoimine Ligands 
3.1 Introduction 
The catalytic studies of transition metal compound in ethylene polymerization has . 
turned to a new page when Brookhart and his group reported a family of new cationic 
Pd(II) and Ni(II) a-diimine catalysts for the polymerization of ethylene, a-olefm, and 
cyclic olefins and co-polymerization of non-polar olefins with a variety of 
functional ized olefins” These catalysts are now the focus of a joint development effort 
between the University of North California at Chapel Hill and Dupont, and as 
mentioned in recent review, they are also being explored in many other companies 
and universities. 
The features of the original a-diimine polymerization catalysts are (1) highly 
electrophilic, cationic nickel and palladium metal centers; (2) the use of sterically bulky 
a-diimine ligands; and (3) the use of non-coordinating counterions or the use of 
reagents thought to produce non-coordinating counterions.^  The electrophilicity of the 
late transition metal center in these cationic complexes results in rapid rates of olefin 
insertion. The use of bulky ligands favors insertion over chain transfer. The use of 
non-coordinating counterions provides an accessible coordination site for the incoming 
olefins. Of these three features, only the last one seems to be a requirement for the late 
transition metal catalysts/ 
Recently, Bochmann and co-workers have investigated ligands that providing a 
similar steric environment to that of diimines, while the electronic characteristics are 
clearly different. They have concentrated on the study of phosphoranoimines, 
X-PR2=NR', which constitute a class of readily accessible ligands suitable for such a 
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study (X = amino or alkyl; R, R' = alkyl, aryl or silyl). Numerous complexes from 
bis(iminophosphoranyl)methane and the corresponding anions were synthesized 
(equation 3.1 & 3.2). 
r1 r1 
pCR1 NiBr^CDME) ‘ 丄 H (3.1) 
RI R, Br' \日「 
r1 二 Ph, R丨=C^U^W^ 
R1 = Me, RI = C6H2Me3 
r1 二 Ph, R' = Ph 
r 1 二 Me，R' = C6H3Pr 2 
H H 
Ph. jL^^.Ph ^u^^p^pl-p^h 
pujip^-^p-ph rn r 「 r " 
P n , 。 . N旧r2(DME) 1； ！ (3.2) 
• 0 , ,1 N N 
N ⑶ THF / \ / \八「 
A / Li® Ar Ar 知 / Ar 
Br 
An early representative of this class is Keim's phosphoranoimido complex 
Ni(Ti3-C3H5){(Me3Si)2N(allyl)P(NSiMe3)2}， a single component ethylene 
polymerization catalyst and，the first example to demonstrate the importance of bulky 
nitrogen chelates in polymerization catalysis. i4’ i5 In analogy to the synthesis of the 
above nickel complex, bis(r|^ -allyl)palladium was also reacted with the bidentate 
phosphoranoimine to give a remarkably stable palladium complex (equation 3.3). 
However, the palladium complex does not show catalytic activity on ethylene 
polymerization. 
. 6 6 _ 
SiMe3 
卜 A MeaSiN ^ (3 3) 
4M；) + N(SiMe3)2 乂、、M、/\N(SiMe3)2 
M 二 Ni’ Pd 
In this chapter, the synthesis of Group 8 transition metal (Ni and Pd) phosphoranoimine 
complexes will be shown. The coordination geometry of these compounds will be 
investigated by X-ray crystallography. In addition, we are interested in their reactivities 
towards ethylene polymerization. The results of the catalytic studies on ethylene 
polymerization of these complexes will be discussed in chapter 4. 
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3.2 Results and Discussion 
3.2.1 Synthesis and Characterization of Nickel(II) Complexes 
[Ni{(2-CH2Py)PR2=NSiMe3}Br2] (R = Ph, 17a; W , 17b) 
By reacting phosphoranoimines, 7a or 7 b , with a suspension of NiBr2(DME) in 
THF at low temperature (0 °C) afforded a blue suspension. The product was extracted 
with CH2CI2 after the removal of solvent from the reaction mixture. Filtration and 
concentration yielded blue crystals of 1 7 a and 1 7 b , respectively (Scheme 3.1). Neither 
compounds showed good solubility in organic solvents such as hexane, toluene, diethyl 
ether and etc. It was anticipated that by replacing the phenyl substituent on the 
phosphorus atom by isopropyl group would lead to the formation of more soluble 
crystalline products. 
Scheme 3.1 
r � N ^ 
M e 3 S K “ j 王 M e 3 S r y 广 
Br Br 
R = Pli, 7a 
R = Pr',7b R = P l U 7 a 
R = Pr'，17b 
Reagents and conditions: (i) NiBr2(DME), THF, 0。(：. 
In both reactions, dimethoxyethane (DME) was displaced by corresponding 
phosphoranoimines to yield the tetrahedrally coordinated compounds, 17a and 17b 
The structures of both compounds were characterized by elemental analysis and 
confirmed by X-ray crystallography. 
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3.2.2 Molecular Structures of [Ni{(2-CH2Py)PR2=NSiMe3}Br2] (R = Ph, 17a; 
17b) 
Perspective ORTEP drawings of the molecular structure of complexes 1 7 a and 
1 7 b are shown in Figure 3.1 and 3.2, respectively. Selected bond distances and angles 
are listed in Table 3.1 and 3.2, respectively. Other selected crystallographic data are 
complied in Appendix I. 
The structure analysis has shown that compound 17a comprised of two imino 
nitrogen atoms coordinated to the distorted tetrahedral nickel centre, with 
Br(l)-Ni(l)-Br(2) andN(l)-Ni(l)-N(2) angles of 109.2(2) and 95.16(19)。，respectively. 
In this compound, Ni(l) is bonded to N(l), N(2), Br(l) and Br(2) at distances of 
2.023(5), 2.018(4), 2.373 (10) and 2.388(10) A, respectively. Compound 17b also 
showed similar tetrahedral structure with Br(l)-Ni(l)-Br(2) and N(l)-Ni(l)-N(2) 
angles of 116.15(3) and 101.88(11)。，respectively. In compound 17b, Ni(l) is bonded 
to N(l)，N(2), Br(l) and Br(2) at distances of 2.010(3), 2.006(3), 2.396(6) and 2.376(7) 
A, respectively. The tetrahedral diketimine complex NiBr2{CH2 (MeC=NAr)2} 
reported has a similar Ni-N bond distance of 2.016(5) A.^^ Comparing the structural 
data of the nickel compounds in this work with those reported in the literature, it was 
found that the bond distances of the Ni-N(imino) [2.018(4) and 2.006(3) A ] is similar 
to that of the reported. In addition, the bond distances of P-N bond [1.581(5) and 
1.597(3) A] and Si-N bond [1.760(5) and 1.746(3) A] in both compounds are 
unexceptional. 
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Figure 3.1 Molecular structure of tetrahedral Nickel(n) complex 17a 
Table 3.1 Selected bond distances (A) and angles (deg) for complex 17a 
Ni ⑴-N(2) 2.018(4) Ni(l)-N(l) 2.023(5) 
Ni⑴-Br(2) 2.388(10) Ni⑴-Br(l) 2.373 (10) 
P ⑴-N(2) 1.581(5) Si(l)-N(2) 1.760(5) 
N(2)- Ni(l)-N(l) 95.16(19) N(2)- Ni⑴-Br(2) 108.72(13) 
N(l)-Ni ⑴-Br(2) 107.03(14) N(2)-Ni ⑴-Br ⑴ 119.22(13) 
N(l)- Ni(l)-Br(l) 105.32(13) Br(2)- Ni(l)-Br(l) 109.2(2) 
7 0 -
Figure 3.2 Molecular structure of tetrahedral Nickel(ll) complex 17b 
Table 3.2 Selected bond distances (A) and angles (deg) for complex 17b 
Ni ⑴-N ⑶ 2.006(3) Ni(l)-N(l) 2.010(3) 
Ni(l)-Br(2) 2.376(7) Ni(l)-Br(l) 2.396(6) 
P ⑴-N ⑶ 1.597(3) Si ⑴-N ⑶ 1.746(3) 
N(2)- Ni(l)-N(l) 101.88(11) N(2)- Ni(l)-Br(2) 106.05(9) 
N(l)-NK1)-Br(2) 100.10(9) N(2)- Ni(l)-Br(l) 123.31(9) 
N(l)- Ni(l)-Br(l) 105.84(9) Br(2)-Ni ⑴"Br(l) 116.15(3) 
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3.2.3 Synthesis and Characterization of hydrolyzed Nickel(II) and 
Palladium(n) Complexes [Ni{2,6-(HN=PPh2CH2)(Me3SiN=PPh2CH2) 
C5H3N}Br】+[Br]- (18)，[(EtOH)Ni{2，6-(HN=PPh2CH2)2C5H3N}Cl]+[Cl] 
( 1 9 ) a n d [Pd{(2-CH2Py)PPh2=NH}Cl2] ( 2 0 ) 
Treatment of NiBr2(DME) with bisphosphoranoimine 9 a in THF afforded ionic 
complex-[Ni{2,6-(HN=PPh2CH2)(Me3SiN-PPh2CH2) CsHsNjBrllBr]- (18) (Scheme 
3.2). By substitution of the weakly coordinated ether at the nickel centre, a 
N,N,N-coordinated nickel(II) phosphoranoimine complex was obtained in good yield 
(>70%). 
Scheme 3.2 
^ r r ^ 1+ 
人 (i) 八 
Ph2P>x /PPh2 ^ Ph2P\\ “尸 Ph2 已 R-
\ nZ N、 
Me3Si, SiMes MegSi j H 
Br 9a 
18 
Reagents and conditions: (i) NiBr2(DME), THF, 0 °C. 
The solubility of the compound was found to be very low. Compound 18 is slightly 
soluble in THF and CH2CI2. The compound has shown higher solubility in MeCN, 
which was used for extraction and recrystallization. The structure of the blue crystal 
obtained was confirmed by the X-ray crystallography. From the structure obtained, it 
was found that one of the trimethylsilyl group of the two imines was replaced by proton 
to form the unsubstituted imine. The reason for this reaction is presumably due to the 
moisture present in the solvent. 
The unexpected hydrolyzed compound obtained was further studied by the 
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reaction of phosphoranoimine 9a with hydrated KiCh in ethanol. The resultant green 
solution obtained after the reaction was concentrated and Et^O was added in 1:1. From 
this reaction, the orange crystals of [Ni{2,6-(HN二PPh2CH2)2C5H3N}Cl]+[Cl]- (19) was 
obtained in moderate yield (>50%) (Scheme 3.3). The solubility of this compound was 
relatively lower in organic solvent like THF, CH2CI2 and etc. From X-ray structure 
analysis, it was found that both trimethylsilyl groups in the ligand were hydrolyzed to 
form the unsubstituted imines. 
Scheme3.3 
^ r f ^ 1 + 
(0 - ph c � 
P h 2 �广 2 ； > — 八 、 C 
MesSi' SiMea L EtOH CI " � 
9a 19 
Reagents and conditions: (i) NiCl〗 6H2O，EtOH, 0。C. 
By adding phosphoranoimines, 7a, to a suspension of PdCl2(PhCN)2 in CH2CI2 at 
room temperature and heating for 5 hours afforded a brown suspension (Scheme 3.4). 
The filtered solution was concentrated to yield yellow crystals of 
[Pd {(2-CH2Py)PPh2=NH} CI2] (20). The structure of this compound was confirmed by 
the X-ray crystallography. It was found that substitution of the weakly coordinating 
ligand, benzylnitriles (PhCN), by the phosphoranoimine 7a gave the N,N-chelated 
palladium complex 20. However, the trimethylsilyl substituted imine was displaced by 
a proton to form the unsubstituted imine, which is similar to the case in compound 1 8 
. 7 3 — 
Scheme 3.4 
N N. ^ Pd 
MegSi' CI CI 
7a 20 
Reagents and conditions: (i) PdCl2(PhCN)2，CH2CI2, 40。C. 
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3.2.4 Molecular Structures of [Ni{2，6-(HN=PPh2CH2)(Me3SiN=PPh2CH2) 
C5H3N }Br�+[Br]- (18) and [(EtOH)Ni{2，6-(HN=PPh2CH2)2-
C5H3N}Cl]+[Cir (19)，and [Pd{(2-CH2Py)PPh2=NH}CI2] (20) 
Perspective ORTEP drawings of the molecular structure of complexes 18，19 and 
20 are shown in Figure 3.3, 3.4 and 3.5, respectively. Selected bond distances and 
angles are listed in Table 3.3, 3.4 and 3.5, respectively. Other selected crystallographic 
data are complied in Appendix I. 
Compound 18 is an ionic complex [Ni{2，6-(HN二PPh2CH2)(Me3SiN二PPh2CH2) 
C5H3N }Br]^ [Br]'. The cationic structure of this compound is comprised of the 
tridentate phosphoranoimine ligand bonded to the nickel(II) center via the two imino 
nitrogen atoms and the pyridyl nitrogen atom. The trimethylsilyl group of compound 18 
was unexpectedly replaced by a proton to form the unsubstituted imine. The geometry 
around the nickel atom is distorted tetrahedral with N(l)-Ni(l)-Br(l), N(2)-Ni(l)-Br(l) 
and N(3)-Ni(l)-Br(l) angles of 112.38(10), 108.88(11) and 121.98(11)。，respectively. 
By comparing the data, the N(3)-Ni(l)-N(l) angle of 104.06。is larger than the 
N(2)-Ni(l)-N(l) angle of 93.24。，in which the trimethylsilyl group is being eliminated. 
This result is consistent with the steric congestion of the trimethylsilyl group at the 
nitrogen atom. In compound 18, Ni(l) is bonded to N(l), N(2), N(3) and Br(l) at 
distances of 2.058(4)，1.973(4), 2.015(3) and 2.391(7) A, respectively. The four 
coordinate bipyridine complex, (6,6'-dimethoxycarbonyl-2,2'-bipyridine)NiBr2, 
reported has a similar Ni-N(pyridyl) bond distance of 2.051(4) A to that reported in this 
work [2.058(4) A]. In addition, the bond distance of Ni-Br of 2.391(7) A in compound 
1 8 is also close to that the reported bipyridine complex of Ni-Br of 2.391(1)入.口 The 
bond distance of Ni-N(imino) of the substituted imine of 2.015(3) A in this work is 





Figure 3.3 Molecular structure of tetrahedral Nickel(n) complex 18 
Table 3.3 Selected bond distances (A) and angles (deg) for complex 18 
Ni(l)-Br(l) 2.391(7) Ni(l)-N(l) 2.058(4) 
Ni ⑴-N(2) 1.973(4) Ni(l)-N(3) 2.015(3) 
P ⑴-N ⑵ 1.581(4) P(2)-N(3) 1.579(3) 
N(2)-Ni ⑴-N(3) 112.47(15) N ⑶-Ni(l)-N(l) 93.24(15) 
N(3)-Ni(l)-N(l) 104.06(13) N(2)-Ni(l)-Br(l) 108.88(11) 
N(3)-Ni(l)-Br(l) 121.98(11) N(l)-Ni(l)-Br(l) 112.38(10) 
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The hydrolyzed ionic compound 19 was prepared from the reaction of the 
hydrated salt of NiCb and phosphoranoimine 9 a . The X-ray structure determined has 
shown that both of the trimethylsilyl substituted nitrogens were hydrolyzed to form the 
unsubstituted imines. The structure showed the ligand bonded to the metal in a chelate 
fashion, with the two imino nitrogen atoms and the pyridyl nitrogen atom coordinated 
to the nickel centre. The geometry of the nickel atom is slightly distorted trigonal 
bipyrimidal. The best equatorial plane is defined by Ni(l)N(l)N(2)Cl(l) (2： Ni = 359.9。） 
with pyridyl nitrogen and the oxygen atoms at the axial position. In this compound, 
Ni(l) is bonded to N(l), N(2), N(3), Cl(l) and 0(1) from ethanol at distances of 
2.013(3), 2.006(3)，2.159(3), 2.324(11) and 2.099(3) A , respectively. It was found that 
the Ni-N(imino) bond distances of 2.013(3) and 2.006(3) A and the 
N(imino)-Ni-N(pyridyl) bond angles of 90.55(12) and 93.14(12) A in this compound 
are similar. 
參 a33) 
Figure 3.4 Molecular structure of trigonal bipyrimidal Nickel(n) complex 19 
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Table 3.4 Selected bond distances (A) and angles (deg) for complex 19 
Ni ⑴-N(2) 2.006(3) Ni(l)-N(l) 2.013(3) 
Ni(l)-Cl(2) 2.324(11) Ni ⑴-N(3) 2.159(3) 
P(l)-N(l) 1.570(3) P(2)-N(2) 1.577(3) 
N(2)-Ni(l)-N(l) 103.86(13) N(2)-Ni(l)-0(1) 88.82(12) 
N ⑴-Ni ⑴-0(1) 88.53(12) N(2)-Ni ⑴-N(3) 90.55(12) 
N ⑴-Ni ⑴-N(3) 93.14(12) 0(1)-Ni(l)-N(3) 178.32(12) 
0(1)-Ni(l)-Cl(l) 89.52(8) N(3)-Ni ⑴-Cl(l) 89.92(8) 
The X-ray structure of palladium complex 20 has shown that the trimethylsilyl 
group at the imino nitrogen was hydrolyzed. The molecular structure of this compound 
is comprised of the bidentate phosphoranoimine bonded to the palladium centre via the 
imino nitrogen and the pyridyl nitrogen atoms in a chelate fashion. The geometry 
around the palladium atom is square planar with the plane defined by 
Pd(l)N(l)N(2)Cl(l)Cl(2) (E Pd 二 359.99。)• The N⑴-Pd(l)-Cl(2)，N(2)-Pd(l)-Cl(l), 
Cl(2)-Pd(l)-Cl(l) and N(2)-Pd(l)-N(l) angles are 90.57(13)，91.62(5), 90.92(5) and 
86.88(17) respectively. In this compound, Pd(l) is bonded to N(l), N(2), Cl(l) and 
Cl(2) at distances of 2.044(4), 2.017(4), 2.295 (14) and 2.294(14) A, respectively. In the 
literature, the palladium(II) complex of monoaryliminophosphorane derivatives of 
l,2-bis(diphenylphosphino)methane showed Pd-N(aryl substituted imino) bond 
distance of 2.159(2) A, which is longer than the Pd-N(unsubstituted imino) bond 
distance of 2.044(4) A in compound The relatively short Pd-N bond distance of 
compound 20 is presumably due to the reduction of steric crowding at the imino 
nitrogen after hydrolysis. 
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Figure 3.5 Molecular structure of square planar Palladium(II) complex 20 
Table 3.5 Selected bond distances (A) and angles (deg) for complex 20 
Pd(l)-N(2) 2.017(4) Pd(l)-N(l) 2.044(4) 
Pd(l)-Cl(2) 2.294(14) Pd(l)-Cl(l) 2.295(14) 
P(l)-N(2) 1.578(4) 
N(2)-Pd(l)-N(l) 86.88(17) N(2)-Pd(l)-Cl(2) 177.36(13) 
N(l)-Pd(l)-Cl(2) 90.57(13) N(2)-Pd(l)-Cl(l) 91.62(5) 
N(l)-Pd(l)-Cl(l) 178.18(12) Cl(2)-Pd(l)-Cl(l) 90.92(5) 
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3.2.5 Synthesis and Characterization of Ionic Palladium(II) Complex 
[Pd{2,6-(Me3SiN=PPh2CH2)2C5H3N}Cl]^[Cl] (21) 
The reaction of phosphoranoimine 9a with a suspension of PdCl2(PhCN)2 adduct 
in CH2CI2 at room temperature led to an immediate colour change from colourless to 
brown (Scheme 3.5). On stirring and heating at 40。C for 5 hours, a brown suspension 
was formed. Upon filtration and concentration of the filtrate, yellow crystals were 
obtained at low yield (< 40%). The ionic structure of the compound was confirmed by 
X-ray crystallography. From the structure it was found that the weakly coordinating 
ligand, benzylnitriles (PhCN), was replaced by the phosphoranoimine 9a to give the 
N,N,N-chelated palladium complex 21. 
Scheme 3.5 
f ^ r r ^ "1 + 
Ph,p； " " ^ P P h ^ — ^ ^ Ph2P\\ .PPh2 c r 
N M^ / N 一 P5j—N 
Me3S「 、SiMe3 M e s S i ,丄丨、 S i M e 3 
9a 
21 
Reagents and conditions: (i) PdCl2(PhCN)2，CH2CI2, 40 
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3.2.6 Molecular Structure of [Pd{2,6-(Me3SiN=PPh2CH2)2C5H3N}Cl]^[Cl] (21) 
Perspective ORTEP drawing of the molecular structure of the cation of complex 
2 1 is shown in Figure 3.6. Selected bond distances and angles are listed in Table 3.6. 
Other selected crystallographic data are complied in Appendix 1. 
The molecular structure of the cation of compound 18 is comprised of the 
tridentate phosphoranoimine ligand bonded to the palladium(II) center via the two 
imino nitrogen atoms and the pyridyl nitrogen atom. N o hydrolysis was found in this 
case. The geometry around the palladium atom is square planar with the plane defined 
by Pd(l)N(l)N(2)N(3)Cl(l) (L Pd = 360.0。). The N⑴-Pd(l)-N(2), N(l)-Pd(l)-N(3), 
N(2)-Pd(l)-Cl(l) and N(3)-Pd(l)-Cl(l) angles are 87.08(10), 87.98(9), 92.41(7) and 
92.53(7)。，respectively. The bond angle of N(l)-Pd(l)-Cl(l) is 179.38(7) ° which 
shows a linearity of these three atoms. The N(3)-Pd(l)-N(2)bond angle of 175.04(9) ° 
reveals the geometry of the palladium atom is slightly pushed down with its large size. 
In this compound the Pd(l) is bonded to N(l), N(2)，N(3) and Cl(l) at distances of 
2.034(2), 2.080(2), 2.078(2) and 2.285(9) A, respectively. The Pd-N(pyridyl) bond 
distance of 2.034(2) A is rather short. The shortening of bond distance is also due to the 
consequence of satisfying the tridentate chelating constraint of the ligand. For the bond 
distances of Pd-N(imino), the values are longer than the reported distance of2.032(7) A. 
In addition, the P-N bond distances of 1.581(5) and 1.597(3) A and the Si-N bond 
distances of 1.760(5) and 1.746(3) A in this compound are unexceptional. 
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Figure 3.6 Molecular structure of square planar Palladium(n) complex 21 
Table 3.6 Selected bond distances (A) and angles (deg) for complex 21 
Pd(l)-N(l) 2.034(2) Pd ⑴-N(3) 2.078(2) 
Pd(l)-N(2) 2.080(2) Pd(l)-Cl(l) 2.285(9) 
P ⑴-N(2) 1.593(2) P(2)-N(3) 1.598 ⑶ 
N(l)-Pd ⑴-N(3) 87.98(9) N(l)-Pd ⑴-N(2) 87.08(10) 
N(3)-Pd(l)-N(2) 175.04(9) N ⑴-Pd(l)-Cl(l) 179.38(7) 
N(3)-Pd(l)-Cl(l) 92.53(7) N(2)-Pd(l)-Cl(l) 92.41(7) 
8 2 -
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3.2.7 Spectroscopic properties of compounds 17-21 
Compounds 17-21 were characterized by elemental anaylsis, mass spectrometry 
and X-ray structure analysis. The physical properties of the compounds are shown in 
Table 3.7. The solubility of these compounds is low in non-polar solvents and CH2CI2. 
Table 2.10 Physical Properties for Compounds 17-21 
Compound Appearance Melting Point (°C) Microanalysis (%) 
C, H，N  
m ^ / 42.83，4.18, 5.00 
(43.26, 4.32，4.80) 
1 7 b blue 225.9 34.54, 5.67, 5.20 
(34.99, 5.68，5.44) 
18 blue 286.3 51.78，4.91，6.87 
(51.71,4.70, 6.70) 
19 orange 270.2 56.69, 5.06 6.44 
(57.88，5.55, 5.78) 
20 yellow / 47.63，4.31，5.98 
(46.55, 4.65, 5.17) 
21 yellow / 57.97, 5.86, 5.76 
(53.72, 5.48，5.08) 
Mass spectra of compound 1 7 a and 1 7 b showed peaks at m/z 349 and m/z 281, 
assigning to [M-NiBri-Me]^ and [M+l-NiBr2-Me]+, respectively. Mass spectrum of 
compound 19 showed peak at m/z 596, assigning to [M-2HC1- 2CH3CH20H]+. 
Table 2.10 Mass Spectra Data for Compounds 11-16 
Compound Parent Peak [M]"" Other Important Peaks  
17a / 349 [M-NiBr2-Me]+ 
17b / 281 [M+l-NiBr2-Me]+ 
19 / 596 [M-2HC1- 2CH3CH20H]+ 
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3.3 Experimental Section 
Materials NiBr2(DME) ^^ and PdCl2(PhCN)2 〗。were prepared according to literature 
procedure. 
Preparation of [Ni{(2-CH2Py)PPh2=NSiMe3}Br2] (17a) 
To a solution ofPh2P(2-CH2Py)=NSiMe3 (1.2 g, 3.2 mmol) in THF (25 ml) at 0 was 
added NiBr2(DME) (1.1 g, 3.5 mmol) with stirring. The mixture was allowed to warm 
to room temperature and stirred for 12 h. Solvent was removed in vacuo and the residue 
was extracted with CH2CI2. The resultant solution was filtered and concentrated in 
vacuo to yield blue crystals of the titled compound (1.2 g，63 %). Anal. Found: C, 42.83; 
H, 4.18; N，5.00 % . Calc. for C2iH25Br2N2NiPSi: C, 43.26; H, 4.32; N, 4.80 % . M S (EI, 
70eV): m/z 349 (100, [M-NiBr2-Me]+). 
Preparation of [Ni{(2-CH2Py)PPr 2=NSiMe3}Br2] (17b) 
To a solution of Pr2'P(2-CH2Py)=NSiMe3 (0.6 g，2.1 mmol) in THF (30 ml) at 0。C was 
added NiBr2(DME) (0.7 g, 2.3 mmol) with stirring. The mixture was allowed to warm 
to room temperature and stirred for 12 h. Solvent was removed at reduced pressure and 
the residue was extracted with CH2CI2. The resultant solution was filtered and 
concentrated in vacuo to yield blue crystals of the titled compound (0.7 g, 70 %). Anal. 
Found: C, 34.54; H, 5.67; N, 5.20 %. Calc. for CisIfeBrsNsNiPSi: C, 34.99; H，5.68; N， 
5.44 % . M S (EI, 70eV): m/z 281 (100, [M+l-NiBr2-Me]^). 
Preparation of [Ni{2,6-(HN=PPh2CH2)(Me3SiN=PPh2CH2)C5H3N }Br]+[Br] (18) 
To a solution of 2,6-(Me3SiN=PPh2CH2)2C5H3N (2.4 g，3.7 mmol) in THF (25 ml) at 0 
°C was added NiBr2(DME) (1.2 g, 3.7 mmol) with stirring. The mixture was warmed to 
room temperature and stirred for 12 h. Solvent was removed in vacuo and the residue 
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was extracted with M e C N . The resultant solution was filtered and concentrated in 
vacuo to yield blue crystals of the titled compound (2.3 g, 75 %). Anal. Found: C, 51.78; 
H, 4.91; N，6.87 % . Calc. for C36H39Br2N4NiP2Si: C, 51.71; H, 4.70; N, 6.70 % . 
Preparation of [(EtOH)Ni{2,6-(HN=PPh2CH2)2C5H3N}Cl]+[Cir (19) 
To a solution of 2,6-(Me3SiN二PPh2CH2)2C5H3N (0.6 g，1.5 mmol) in ethanol (25 ml) at 
0。C was added NiCl^GHiO (0.4 g, 1.5 mmol) with stirring. The mixture was warmed 
to room temperature and stirred for 12 h. The resultant solution was filtered and 
concentrated in vacuo to yield orange crystals of the titled compound (0.6 g, 51 %). m. 
p. = 270.2。C. Anal. Found: C, 56.69; H, 5.06; N，6.44 % . Calc. for C35H4oCl2N3Ni02P2： 
C, 57.88; H, 5.55; N，5.78 % . M S (EI, 70eV): m/z 596 (100，[M-2HC1-
2CH3CH20Hr). 
Preparation of [Pd{(2-CH2Py)PPh2=NH}Cl2] (20) 
To a solution of Ph2P(2-CH2Py)=NSiMe3 (0.5 g, 1.3 mmol) in CH2CI2 (25 ml) at room 
temperature was added PdCl2(PhCN)2 (0.5 g，1.3 mmol) with stirring. The mixture was 
then heated to about 40 °C and stirred for 5 h. The resultant solution was filtered and 
concentrated in vacuo to yield yellow crystals of the titled compound (0.2 g，32 %). 
Anal. Found: C, 47.63; H, 4.31; N, 5.98 % . Calc. for C2iH25N2PSiPdCl2： C, 46.55; H， 
4.65; N, 5.17%. 
Preparation of [Pd{2，6-(Me3SiN=PPh2CH2)2C5H3N}Cl]+[Cir (21) 
To a solution of 2,6-(Me3SiN=PPh2CH2)2C5H3N (1.3 g, 2.0mmol) in CH2CI2 (25 ml) at 
room temperature was added PdCl2(PhCN)2 (0.8 g, 2.0 mmol) with stirring. The 
mixture was then heated to about 40 °C and stirred for 5 h. The resultant solution was 
filtered and concentrated in vacuo to yield yellow crystals of the titled compound (0.7 g, 
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35 %); Anal. F6und: C, 57.97; H, 5.86; N, 5.76 % . Calc. for C37H45Cl2N3PdSi2P2： C, 
P 丨 ” .： ^ •:.::、、： , . . 、 . 
pL 53 72,5.48;N/5.08%. .,、：：〜厂.： ：：： 
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CHAPTER 4 
Reactivity of Phosphoranoimine Complexes on Ethylene 
Polymerization 
4.1 Introduction 
4.1.1 A Brief Review on Olefin Polymerization 
Polyolefins are a multibillion dollar a year industry with worldwide production in 
excess of 160 billion pounds and polyethylene alone in excess of 100 billion pounds. 
Despite this size and the commodity nature of the business, polyolefins are the 
fastest-growing sector of the polymer industry. There have been many rapid progresses 
1 8 
in the catalysis of olefin polymerization, including the "metallocene revolution".‘ 
Metallocene-based catalysts are dramatically different from previous generations of 
catalysts. For instance, their homogeneous nature leads to lower polydispersities and 
more uniform incorporation of a-olefm comonomers than obtained with Ziegler-Natta 
catalysts. 
Late transition metal complexes for ethylene polymerization has been studied 
following the promising results with P-0 chelated ylide complex of nickel. The 
breakthrough in ethylene polymerization with late transition metal was reported by 
independent groups ofBrookhart and Gibson several years ago, when four-coordinate 
complexes of Ni and Pd containing bidentate nitrogen donor ligand were reported to 
polymerize ethylene in the presence of excess co-catalyst.^  The catalytic properties of 
Brookhart-type a-diimine complexes of Ni and Pd in ethylene polymerization process 
depend on the electronic and steric effects of the metal site. The convenient steric 
hindrance around the metal center yields more active catalysts, while the branching rate 
of polyethylene increases with bulky ligands. In addition, nickel has been found to be 
more active metal than palladium, whereas bipyridine complexes of platinum have 
^ 89 — 
shown no catalytic activity in ethylene polymerization. 
Scheme 4.1 
Ar Ar + 
R M Me ^ p M Me 
H+(〇Et2)2已ArV \ / 
.M - — ^ T M BArV 




R ^ / N /Br 中 
\m MAO, toluene、 (CH2)xCH3i 
R入 r / \巳「 —(CH2)y-(CH),  
Ar L Jn 
M = Pd,Ni, R' = H, Me, Bu 
Ar 丨=3’5-C6H3(CF3)2 
(a)R 二 H，Ar = 2’6-C6H3Pi"2 
(b) R = Me’ Ar = Ar = 2，6-。6曰3卩"2 
(c) R = H, Ar = Ar = 2,6-C6H3Me2 
(d) R = Me, Ar =2,6-C6H3Me2 
Co-catalysts are often in the form of main-group organometallic compounds. The 
detailed mechanism of co-catalyst in metal-catalyzed polymerization processes is not 
fully understood, but it can be appreciated as follow. Firstly, to form active catalysts, 
catalyst precursors must be transformed into active catalysts by an effective and 
appropriate activating species. Secondly, a successful activation process requires many 
special co-catalyst features for constant catalyst precursor and kinetic or 
thermodynamic considerations of the reaction. Finally, the co-catalyst, which becomes 
an anion after the activation process, is the vital part of a catalytically active 
cation-anion pair and may significantly influence polymerization characteristics and 
polymer properties. One of the most widely used co-catalysts，methylaluminoxane 
(MAO), is prepared by controlled hydrolysis of AlMes. This reaction generates highly 
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active catalyst for polymerization of ethylene, propylene, and higher a-olefins when 
combined with group 4 metallocene. lO Since the discovery, MAO has become a very 
important co-catalyst for metal-catalyzed olefin polymerization. Although extensive 
research has been carried out in both academic sector and the industry, the exact 
composition and structure of MAO are still not entirely clear. In the overall MAO 
mechanism for activating metal dichloride precursors, it was proposed that the metal 
complex is first monoalkylated to give L2M(CH3)CI and the Cl ligand of the resulting 





Apart from the transition metal diimine complexes, transition metal phosphoranoimine 
or phosphoranoimido complexes are being developed and under investigation in recent 
years. Interestingly, some of them were also found to be highly active in ethylene 
polymerization. 12-15 Since the ligands in this work offer a steric environment similar to 
diimines, the catalytic activities of the synthesized complexes on ethylene 
polymerization have been investigated. 
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4.2 Results and Discussion 
The catalytic activities of the synthesized compounds on ethylene polymerization 
were studied. All reactions were carried out under ethylene pressure of 〜0.5 atm at 
temperature 〜50 The amount of pre-catalyst added in each reaction was 3 jimole. 
The co-catalyst (MAO) was added in excess (4.5 mmole, 1500 equivalent, toluene). 
Preliminary results are summarized in Table 4.1. 
Compound PE yield Activity 
(g) (gmmpr^h ^bar  
11 0.12 90.7 







1 7 a trace low activity 
1 7 b trace low activity 
21 trace low activity 
Cp2ZrCl2 121 2835.8 
Table 4.1 Catalytic Activity of transition metal phosphoranoimine complexes on 
ethylene polymerization 
Complexes 13a-15b (M = Fe, Co, Cu) showed no activity on ethylene 
polymerization after stirring for 1 h at 50 °C, while the nickel and palladium complexes 
17a, 17b and 21 showed low activities. During the polymerization testing, it was found 
that a homogeneous reaction mixture was not formed. The metal complexes are 
insoluble in toluene even heating was applied. After stirring for 10 min, black solid 
appeared in the flask and only small amount of ethylene was consumed. It was believed 
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that solubility of reaction mixture affects the reactivity of complexes towards ethylene 
polymerization. 
The titianium(IV) imido complexes 11 and 1 2 showed moderately activities on 
ethylene polymerization. It was found that both complexes were soluble in toluene to 
form greenish yellow solutions during the polymerization investigation. After stirring 
for 1 h at 50 white solid appeared and ethylene was consumed continuously. The 
reactivity of complex 12 towards ethylene polymerization is higher than that of 
complex 1 1 The electronic properties of both compounds were similar. However, in 
view of their structures, complex 1 2 is a polymeric compound, while complex 1 1 is a 
monomeric one. The most probable reason to explain the difference in reactivity would 
be the steric hindrance around the metal ion. According to Brookhart, the use of 
sterically bulky a-dimine ligands is one of the key features for synthesizing highly 
active catalysts. ^ ^ 
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4.3 Experimental Section 
Figure 4.1 Experimental setup of ethylene polymerization test 
Pressure control by 
mercury bubbler 
^ T I T T Cold 
^ ^ II U Drierite H trap U 
^ ^ ^ J oSe K 1 
‘ 1 C ) w  
I m t V 
-o Reaction flask I 
o Vacuum Pump (f> > S 05 O O CO � CO 
e O 
P OJ ^ D1 
山 O I \ J 
General Procedures for Catalytic Studies 
Catalytic activity of compounds on ethylene polymerization was conducted in a 
250 ml glass reactor equipped with gas inlets as shown in Figure 4.1. In the experiment, 
to a stirred solution of 4.5 ml co-catalyst in 50 ml toluene, a weighed amount of 
pre-catalyst (3 fimole) was added. After stirred for 10 minutes, the reaction mixture 
was degassed and ethylene was admitted. The ethylene pressure was maintained at 335 
m m H g by means of the mercury bubbler during the reaction period. After stirred for 1 h 
at 50。C’ the polymerization reaction was quenched with 30ml of 10:1 mixture of 
M e O H and HCl (IM). The solid polymer was then washed with water, HCl and MeOH’ 
respectively. The polymer was obtained after drying in vacuo. 
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APPENDIX I 
Table 1. Crystallographic Data and Refinement Parameters for Compound 10a and 10b   ^  
Empirical formula C4iH47Li2N30P2Si2 C25H52LiN3P2Si2 
Formula weight 729.82 519.76 
Colour/ shape orange block yellow block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Crystal size (mm^) 0 . 6 5 x0.54x0.45 . 0.56x0.35 x0.11 
Crystal system triclinic monoclinic 
Space group PT P2i/n 
a (A) 11.2654(17) 12.2021(10) 
b(A) 13.766(2) 19.0820(17) 
c(A) 14.877(2) 14.1193(13) 
a (deg) 96.637(4) 90 
P (deg) 98.301(4) 95.621(2) 
y (deg) 110.744(3) 90 
V(A' ) 2100.1(6) 3271.7(5) 
Z 2 4 
Density (Mg/m^) 1.154 1.055 
Absorption coefficient (mm-1) 0.194 0.223 
F ( 0 0 0 ) 7 7 2 1136 
e range for data collection (deg) 1.61-25.00 1.80-28.02 
Limiting indices -13<=h<=12, -8<=h<=16, 
-11 <=k<= 16， -25<=k<=23, 
-16<=1<=17 -18<=1<=17 
Reflections collected 11442 21984 
Independent reflections (Ri„t) 7363 (0.0378) 7880 (0.0679) 
Completeness to 9 (%) 99.4 99.6 
Absorption correction S A D A B S S A D A B S 
Max. and min. transmission 0.9178-0.8843 1.000000 and 0.825777 
Refinement method Full-matrix least- Full-matrix least-
squares on F^ squares on F^ 
Data/ restraints/ parameters 7363 / 0 / 460 7880 / 0 / 298 
Goodness-of-fit on F^ 0.983 0.975 
Rl, w R 2 [I> 2a(I)] 0.0656, 0.1630 0.0601，0.1522 
Rl，wR2 (all data) 0.1015,0.1845 0.1431, 0.1895 
Largest diff. Peak and hole (eA"^) 0.540 and -0.256 0.316 and -0.258 
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Table 5. Crystallographic Data and Refinement Parameters for Compound 15a and 15b 
Empirical formula C2oH37Cl3N202PTi C86Hio4Cli2N606P4Ti4 
Formula weight 522.74 2058.63 
Colour/ shape yellow block yellow block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Crystal size ( n W ) . 0.25 x 0.18 x 0.13 0.50 x 0.25 x 0.14 
Crystal system monoclinic triclinic 
Space group P2i/a H 
a (A) 17.5287(16) 11.8269(7) 
b(A) 11.8132(9) 13.7351(8) 
c(A) 15.1553(11) 16.3787(9) 
a (deg) 90 107.1160(10) 
P (deg) 122.894(2) 97.1000(10) 
Y (deg) 90 102.5190(10) 
V(A^) 2635.1(4) 2431.7(2) 
Z 4 1 
Density (Mg/m') 1.318 1.406 
Absorption coefficient (mm"^) 0.708 0.764 
F(000) 1100 1062 
0 range for data collection (deg) 1.60-25.00 1.33-28.01 
Limiting indices -20<=h<=20, -15<=h<=15, 
-14<=k<= 14, -17<=k<= 18, 
- 1 7 < 二 1 < = 1 8 - 2 1 < = 1 < = 2 1 
Reflections collected 14139 16813 
Independent reflections (R^t) 4628 (0.1422) 11569 (0.0416) 
Completeness to 9 (%) 100.0 98.3 
Absorption correction S A D A B S S A D A B S 
Max. and min. transmission 0.9136-0.8429 1.000000 and 0.764595 
Refinement method Full-matrix least- Full-matrix least-
squares on F^ squares on F^ 
Data/ restraints/ parameters 4628 / 26 / 263 11569/26/532 
Goodness-of-fit on F^ 0.822 0.955 
Rl, w R 2 [I> 2a(I)] 0.0603，0.1245 0.0585, 0.1458 
Rl，wR2 (all data) 0.1832，0.1610 0.1208，0.1792 
Largest diff. Peak and hole (eA'^) 0.400 and -0.385 0.850 and -0.494 
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Table 5. Crystallographic Data and Refinement Parameters for Compound 15a and 15b 
13a ^  
Empirical formula C2iH25Cl2FeN2PSi CisIfeCl^FeNJPSi 
Formula weight 491.24 426.21 
Colour/ shape yellow block reddish brown block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Crystal size ( n W ) 0.45 x 0.42 x 0.32 0.59 x 0.24 x 0.23 
Crystal system orthorhombic orthorhombic 
Space group P2i2i2i Pnaa 
a (A) 8.8210(4) 9.4775(5) 
b(A) 16.2545(8) 15.0514(8) 
c(A) 16.9445(8) 30.9111(16) 
a (deg) 90 90.0000(10) 
P (deg) 90 90.0000(10) 
y (deg) 90 89.9660(10) 
V(A^) 2429.5(2) 4409.5(4) 
Z 4 8 
Density (Mg/m^) 1.343 1.275 
Absorption coefficient (mm'^) 0.965 1.052 
F ( 0 0 0 ) 1016 1776 
e range for data collection (deg) 1.74-28.02 1.32-28.10 
Limiting indices -ll<=h<=10, -12<=h<=12, 
-21<=k<=21, -18<=k<=19, 
-22<=1<= 19 -40<=1<=3 2 
Reflections collected 19247 28571 
Independent reflections (R,nt) 5835 (0.0227) 5369 (0.1353) 
Completeness to 0 (%) 99.5 99.7 
Absorption correction S A D A B S S A D A B S 
Max. and min. transmission 1.0000 and 0.6054 0.7940 and 0.5758 
Refinement method Full-matrix least- Full-matrix least-
squares on F^ squares on F^ 
Data/ restraints/ parameters 5835 / 0 / 254 5369 / 0/ 199 
Goodness-of-fit on F^ 0.997 0.910 
Rl, w R 2 [ I > 2G(I)] 0.0314, 0.0772 0.0529, 0.1182 
Rl, w R 2 (all data) 0.0400，0.0804 0.1676, 0.1630 
Largest diff. Peak and hole (eA'^) 0.319 and -0.151 0.508 and -0.421 
. 98 -
Table 5. Crystallographic Data and Refinement Parameters for Compound 15a and 15b 
14a 14b 
Empirical formula C2iH25Cl2CoN2PSi CisJfeCkCoNJPSi 
Formula weight 494.32 426.29 
Colour/ shape blue block blue block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Crystal size (mm^) 0.80 x 0.19 x 0.05 1.02 x 1.00 x 0.35 
Crystal system orthorhombic orthorhombic 
Space group P2i2i2i Pccn 
a (A) 8.786(1) 15.0718(16) 
b(A) 16.259(3) 30.690(3) 
c(A) 16.870(3) 9.4552(10) 
a(deg) 90 90 
P(deg) 90 90 
Y(deg) 90 90 
V(A') 2410.0(6) 4373.6(8) 
Z 4 8 
Density (Mg/m") 1.362 1.295 
Absorption coefficient (mm]) 1.059 1.155 
F ( 0 0 0 ) 1020 1 7 8 4 
0 range for data collection (deg) 1.74-28.13 1.33-28.04 
Limiting indices -ll<=h<=ll, -19<=h<=17, 
-21<=k<=21, -40<=k<=38, 
-16<=1<=22 -12<=1<=12 
Reflections collected 16403 28222 
Independent reflections (Rint) 5833 (0.0666) 5299 (0.0987) 
Completeness to 9 (%) 99.5 99.8 
Absorption correction S A D A B S None 
Max. and min. transmission 1.0000 and 0.6054 -
Refinement method Full-matrix least- Full-matrix least-
squares on F2 squares on F^ 
Data/ restraints/ parameters 5833 /0/254 5299 / 0 / 200 
Goodness-of-fit on F^ 0.888 0.763 
R L , wR2 [ I �2 G ( I ) ] 0.0393, 0.0682 0.0525, 0.1300 
Rl，wR2 (all data) 0.1030, 0.0838 0.1110，0.1733 
Largest diff. Peak and hole (eA'') 0.342 and -0.293 0.716 and -0.365 
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Table 5. Crystallographic Data and Refinement Parameters for Compound 15a and 15b 
15a 15b 
Empirical formula C42H5oCu2l2N4P2Si2 CisHssCuIN^PSi 
Formula weight 1109.86 486.90 
Colour/ shape greenish yellow block yellow block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Ciystal size (mm^) 0.35 x0.32x0.30 0.40 x 0.20 x 0.20 . 
Crystal system monoclinic monoclinic 
Space group P2i/n P2i/c 
a (A) 13.829(2) 14.793(3) 
b(A) 9.415(1) 10.090(2) 
c(A) 17.987(2) 15.612(4) 
a(deg) 90 90 
P (deg) 96.957(2) 114.256(4) 
Y (deg) 90 90 
V(A') 2328.0(4) 2124.6(8) 
Z 2 4 
Density (Mg/m') 1.585 1.522 
Absorption coefficient (mm'^) 2.396 2.609 
F ( 0 0 0 ) 1104 9 7 6 
e range for data collection (deg) 1.76-28.00 1.51-28.08 
Limiting indices -18<=h<=18, -19〈二h<=13, 
-12<=k<=6, -13<=k<=13, 
-22<=1<=23 -16<二1<=20 
Reflections collected 15950 13944 
Independent reflections (Rint) 5612 (0.0492) 5147 (0.0371) 
Completeness to 9 (%) 99.9 99.4 
Absorption correction S A D A B S S A D A B S 
Max. and min. transmission 1.0000 and 0.6906 0.6234 and 0.4217 
Refinement method Full-matrix least- Full-matrix least-
squares on F^ squares on F 
Data； restraints/ parameters 5612/0/245 5147/0/ 191 
Goodness-of-fit on F^ 1.028 0.810 
RI, w R 2 [I> 2(7(1)] 0.0392, 0.0855 0.0384，0.1104 
RI，wR2 (all data) 0.0786，0.0994 0.0470，0.1203 
Largest diff. Peak and hole (eA'^ ) 0.714 and -0.764 1.477 and -0.678 
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Table 6. Crystallographic Data and Refinement Parameters for Compound 16 and 17a 
16 17a 
Empirical formula CssHssCusIsNsPsSi〗 C2iH25Br2N2NiPSi 
Formula weight 894.70 583.02 
Colour/ shape yellow block blue block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Crystal size (mm^) 0.76 x 0.35 x 0.32 0.48 x 0.34 x 0.22 
Crystal system monoclinic triclinic 
Space group C2/c PT 
a (A) 24.901(2) 9.809(1) 
b (A) 9.7758(9) 11.765(1) 
c(A) 34.069(3) 12.504(1) 
a (deg) 90 65.556(2) 
(3 (deg) 110.178(2) 70.851(2) 
y (deg) 90 72.796(2) 
V(A^) 7784.3(12) 1219.4(2) 
Z 8 2 
Density (Mg/m^) 1.527 1.588 
Absorption coefficient (mm'^) 2.841 4.197 
F ( 0 0 0 ) 3 5 6 8 5 8 4 
0 range for data collection (deg) 1.27-25.00 1.84-28.00 
Limiting indices -29<=h<=28, -7<=h<=12, 
-11〈二 k<=ll, -14<=k<=15, 
.40<=1<=37 -16<=1<=16 
Reflections collected 20240 8307 
Independent reflections (Rint) 6844 (0.0480) 5765 (0.0435) 
Completeness to 0 (%) 99.9 98.2 
Absorption correction S A D A B S S A D A B S 
Max. and min. transmission 1.0 and 0.6198 1.0000 and 0.3518 
Refinement method Full-matrix least- Full-matrix least-
2 2 
squares on F squares on F 
Data/ restraints/ parameters 6844 / 0 / 325 5165 /0/254 
Goodness-of-fit on F^ 1.414 0.867 
Rl, wR2 [I> 2c(I)] 0.0701, 0.2350 0.0607, 0.1418 
Rl, wR2 (all data) 0.1072, 0.2460 0.1159，0.1610 
Largest diff Peak and hole 1.444 and -0.934 1.177 and -0.660 
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Table 5. Crystallographic Data and Refinement Parameters for Compound 15a and 15b 
lib  
Empirical formula Ci5H29Br2N2NiPSi C36H4oBr2N4NiP2Si 
Formula weight 514.99 837.28 
Colour/ shape blue block blue block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Crystal size (mm^) 1.50 x 0.20 x 0.11 0.47 x 0.45 x 0.34 
Crystal system monoclinic monoclinic 
Space group P2i/c P2i 
a (A) 8.9542(6) 9.1267(6) 
b(A) 14.8527(11) 22.3592(15) 
c(A) 16.6343(12) 9.4262(7) 
a(deg) 90 90 
P (deg) 100.723(2) 98.5180(10) 
y(deg) 90 90 
V (人3) 2173.6(3) 1902.3(2) 
Z 4 2 
Density (Mg/m勺 1.574 1.462 
Absorption coefficient (mm'^) 4.696 2.756 
F ( 0 0 0 ) 1040 8 5 2 
0 range for data collection (deg) 1.85-28.02 1.82-28.06 
Limiting indices -10<=h<= 11, -11 <=h<= 12, 
-19<=k<= 15, -29<=k〈二 20, 
- 2 1 < = 1 < 二 2 1 - 1 2 < = 1 < = 1 2 
Reflections collected 14381 13389 
Independent reflections (Rint) 5235 (0.0522) 6899 (0.0384) 
Completeness to 0 (%) 99.7 99.1 
Absorption correction S A D A B S Empirical 
Max. and min. transmission 0.6261 and 0.0537 1.0000 and 0.6432 
Refinement method Full-matrix least- Full-matrix least-
2 2 
squares on F squares on F 
Data/ restraints/ parameters 5235 /0 / 199 6899 / 1 / 415 
Goodness-of-fit on F^ 0.889 0.857 
Rl, w R 2 [I> 2a(I)] 0.0442, 0.0960 0.0369, 0.0720 
Rl, w R 2 (all data) 0.0785, 0.1043 0.0646, 0.0788 
Largest diff. Peak and hole (eA"^ ) 0.759 and -0.657 0.548 and -0.515 
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Table 5. Crystallographic Data and Refinement Parameters for Compound 15a and 15b 
19 20 
Empirical formula C35H4oCl2N3Ni02P2 C36H34Cl4N4P2Pd2 
Formula weight 726.25 939.21 
Colour/ shape orange block yellow block 
Temperature (K) 293(2) 293(2) 
Wavelength (A) 0.71073 0.71073 
Crystal size (mm^) . 0.29x0.26x0.19 0.47x0.45 x0.34 
Crystal system triclinic orthorhombic 
Space group PI P2i2i2i 
a (A) 10.5439(9) 9.4853(7) 
b(A) 12.6049(11) 17.221(1) 
c(A) 15.2866(13) 23.504(2) 
a (deg) 78.253(2) 90 
P (deg) 77.986(2) 90 
Y (deg) 68.910(2) 90 
V(A3) 1835.5(3) 3839.4(5) 
Z 2 4 
Density (Mg/m^) 1.314 1.625 
Absorption coefficient (mrrfi) 0.795 1.330 
F ( 0 0 0 ) 758 1872 
0 range for data collection (deg) 1.75-28.04 1.47-28.00 
Limiting indices -13<=h<=13, -12<=h<=ll, 
-16<=k<=15, -22<=k<=18, 
- 1 0 < = 1 < 二 2 0 - 3 1 < = 1 < = 2 9 
Reflections collected 13067 25259 
Independent reflections (Rint) 8729 (0.0390) 9205 (0.0623) 
Completeness to 9 (%) 98.1 99.8 
Absorption correction S A D A B S S A D A B S 
Max. and min. transmission 1.0000 and 0.8376 1.0000 and 0.5913 
Refinement method Full-matrix least- Full-matrix least-
2 2 
squares on F squares on F 
Data/ restraints/ parameters 8729 / 1 /407 9205 / 0/433 
Goodness-of-fit on F^ 0.847 0.870 
Rl, w R 2 [I> 2a(I)] 0.0523，0.1075 0.0407, 0.0726 
Rl, wR2 (all data) 0.1254, 0.1356 0.0760, 0.0816 
Largest diff. Peak and hole (eA"^ ) 0.441 and -0.359 0.781 and -0.657 
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Table 5. Crystallographic Data and Refinement Parameters for Compound 15a and 15b 
21 
Empirical formula C39H49Cl6N3P2PdSi2 
Formula weight 997.03 
Colour/ shape yellow block 
Temperature (K) 293(2) 
Wavelength (A) 0.71073 
Crystal size (mm^) 0.35 x 0.32 x 0.25 
Crystal system triclinic 
Space group PI 




P (deg) 87.997(2) 
Y (deg) 80.774(2) 
V(A') 2334.6(5) 
Z 2 
Density (Mg/m^) 1.4184 
Absorption coefficient (mmfi) 0.891 
F(000) 1020 
0 range for data collection (deg) 1.81-28.10 
Limiting indices -14<=h<= 15， 
-15<=k<=15, 
-23<=1<=17 
Reflections collected 15689 
Independent reflections (Rint) 10997 (0.0290) 
Completeness to 9 (%) 96.7 
Absorption correction S A D A B S 
Max. and min. transmission 1.0000 and 0.7446 
Refinement method Full-matrix least-
squares on F^ 
Data/ restraints/ parameters 10997 / 18 /498 
Goodness-of-fit on F^ 1.038 
Rl，wR2 [I> 2a(I)] 0.0457, 0.1239 
Rl, wR2 (all data) 0.0566, 0.1327 
Largest diff. Peak and hole (eA'^) 1.134 and -0.712 
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APPENDIX II 
A) General Experimental Procedures and Physical Measurement 
All manipulations were carried out either in a nitrogen-filled glovebox or under 
nitrogen using standard Schlenk-line techniques. Solvents were dried over and distilled 
from sodium/ benzophenone (diethyl ether and tetrahydrofuran) or sodium/ potassium 
alloy (pentane and toluene) or calcium hydride (hexane and dichloromethane). 
Deuterated solvents (chloroform, benzene, tetrahydrofuran and dichloromethane) were 
dried over 4A molecular sieves. 
^H N M R and ^^ C N M R spectra were recorded at 300 MHz, using a Bmker 
dpx-300 spectrometer in sealed tubes at ambient probe temperature. ^ H and ^^ C 
chemical shifts are reported versus tetramethylsilane and were determined by reference 
1Q 1 
to the residual IH and C solvent peaks. The H chemical shifts were referenced to 
internal C6D5H (5 = 7.15 ppm) or CDC13 (5 = 7.24 ppm) and ^ ^C resonance to C6D6 (5 
=128.0 ppm) or CDC13 (5 = 77.0 ppm). Other multinuclear N M R spectra were 
recorded using an INOVA Varian 400 spectrometer. 
Melting points were determined in sealed capillary tubes containing a nitrogen 
atmosphere and no corrections were done for the atmospheric pressure. 
Mass spectral data were recorded on a 5989-In mass spectrometer. 
Elemental analyses were performed at M E D A C Ltd., Department of Chemistry, 
Brunei University, Uxbridge, Middlesex, U. K. 
B. X-ray Crystallography 
Quality single crystals were mounted and sealed in Lindemann glass capillaries 
under nitrogen. X-ray intensities were measured on a MSC/Rigaku RAXIS lie 
imaging-plate diffractometer for compound 18. Empirical absorption corrections were 
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applied by fitting a pseudo-ellipsoid to the oo-scan data of selected strong reflections 
over a range of 20 angles. A self-consistent semi-empirical absorption correction based 
on Fourier-coefficient fitting of symmetry-equivalent reflections was applied by using 
A B S C O R program. 
A diffraction experiments of compounds 10a, 10b, 11, 12, 13a, 13b, 14a, 14b, 
15a, 15b, 16, 17a, 19, 20 and 21 were carried out on a Bruker SMART CCD 
diffractometer with a M o K a sealed tube, co-scan mode with increment of 0.3°. 
Preliminary unit cell parameters were obtained from 45 frames. Final unit cell 
parameters were obtained by global refinements of reflections obtained from 
integration of all the frame data, indexing reflections, and determination of lattice 
constants; SAINT-PLUS was used for integration of intensity of reflections and scaling, 
S A D A B S for absorption correction. 
All crystals structures were determined by the direct method, which yielded the 
positions of non-hydrogen atoms. All the non-hydrogen atoms were refined 
anisotropically. Hydrogen atoms were all generated geometrically (C-H bond lengths 
fixed at 0.96 A), assigned appropriate isotropic thermal parameters and allowed to ride 
on their parent carbon atoms. All the hydrogen atoms were held stationary and included 
in the structure factor calculation in the final stage of full-matrix least-squares 
refinement. All compounds were performed on an IBM-compatible personal computer 
with the SHELXTL-PLUS, SHELXTL-93 or SHELXTL-97 program packages. 
Analytic expressions of neutral-atom scattering factors were employed, and anomalous 
dispersion corrections were incorporated. 
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